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Fishes— Tlieir Wliys and Wherefores 


WHAT IS A nSH? 

ilsR ANYONE wliat creatures live in water, and nine times 
out of ten the first answer will be *Tish.” A vast and colorful horde of 
other living things make their home in the oceans, lakes, rivers, 
streams, and swamps of the earth, but to man the hsh has always been 
the most important of water dwellers. 

And for good reason. Since before the daivn of history, man has re- 
lied upon the fish as food, wresting a good part of his livelihood from 
the water. He has found a thousand cunning ways to satisfy his needs 
with this creature, from making tools of its skeleton, a fertilizer of its 
flesii, a bone-building medicine of the ridi oil in its liver, right up to 
using the fish itself as a decoration in his home. 

Fishes dominate the waters of our planet. There are more fishes — 
and more different kinds of them — than of any other good-sized ani- 
mals living wholly or partly in water. Today we are able to recog- 
nize more than twenty-five tliousands of fishes — as many species as 
there are of mammals, birds, reptiles, and amphibians put together. 

What is a fish? Don’t suppose this question is naive. To cover so 
diverse a group of animals with a single definition — one tliat will in- 
clude all the kinds of fishes and at tlie same time exclude all living 
things that are not fish — is difficult Fishes arc so varied in the nature 
of their bodies and the way they use their organs, that exceptions 
turn up for almost every characteristic of fishes in general. For ex- 
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ample: a number of fishes have no scales; a few have no fins; a few 
lack jasvs; some do not breathe prinvarily by means of gUls; and 
others spend practically as much time out of the water as in it. 

After gathering together a number of the features unique among 
fishes, and uking account of the exceptional fish that lacks one or an- 
other of them, we arris e at die following definition; A fish is a cold- 
blooded, aquatic vertebrate with gills and a two-chambered heart. 

Like most definitions, this one needs some explaining to make it 
fully understandable. A vertebrate is, briefiy speaking, an animal 
with a badtbone, and this diaracierisuc alone is sulTtdent to separate 
fishes from all the invertebrates (animals sviihoui backbones) — which 
include such creatures as insects, spiders, shellfish of all sorts, star- 
fish, and their relatives, all kinds of worms, sponges, and jellyfish — 
and also from the near-vertebrates (protochordates), the acom-wonns, 
sea-squiru, and lancelets. 

The fact that fishes axe cold-blooded, that is, have a body temper- 
ature svhich more or less closely follow's that of the water or air in 
which they live, clearly distinguishes them trom birds and mammals. 
(\Ve must say ‘'more or less” because a very few fishes, such as the 
tunas, maintain a body temperature svhich is somewhat higher than 
that of the water sunounding them.) 

The faa that fishes have a iwtxhambered heart also separates them 
from the amphibians and reptiles and from the birds and mammals — 
all of which have three- or four-chambered hearts. The gills, too. are 
an important feature of fishes. Although some fishes do not depend 
on their gills for breathing, these organs are alsrays present, even 
though they may consist of only a fesv undeveloped filaments. 

Fishes arc aquatic, svith no exceptions whatsoever. Those that spend 
hours or perhaps days at a lime out of water, still must periodically 
telum to that element to keep from becoming dried out. Some fishes 
can live for months without water, and a sery few even for years, but 
they can do this only when inactive, in a sute of suspended animation. 
All active fishes require at least enough w-ater to bathe their bodies 
and keep their respiratory, or breathing, organs moist. 

Aaually, it is much easier to distinguish fishes from other generally 
similar aquatic animals than you might gather from what we have 
said. You can tell fishes trom whales and porpoises by their tails- lu 
fish the uil is vertical, like a rudder, while in whales and porpoises it U 
horuonul. A snake and an eel can be distinguished at a glance: the 


FISIIES-TIIEIR %VHYS AND ^VIIEREFORES 1595 


snake has no gill-openings, but the eel has. Tadpoles have no paired 
fins, and this marks them off from all but a very few fishes — and these 
few exceptional fishes are so untadpole-like that they could never be 
confused. Rccognhing fishes, you can sec, is more diffiailt in theory 
than in practice. 


WHERE FISHES LIVE 

More than seven-tenths of the earth’s surface is covered with svater, 
and practically all of this vast area is inhabited by fishes. The seven 
seas, tlie many lakes, streams, ponds, and swamps all accommodate 
typical groups of fishes of one kind or another. 

Ocean waters contain by far the greatest proportion of fishes — both 
in number of species and individuals. In the sea, fish are found from 
shallow, temporary tide pools down to the urroost depths of the 
ocean; in fact almost everysvhere except uninliabitable regions such 
as the lower levels of the Dlack Sea, which are completely devoid of 
oxygen. Some fishes are what might be called “blue water” dwellers, 
living out in the middle of the ocean and never seeing or coming close 
to land during their whole lives. Others remain near shore, around 
coral reefs, or at the mouths of rivers. Still others live on the bottom, 
be it rocky or muddy, in calm depths, or near surf-washed beaches. 

Fresh-water fishes are subject to even greater extremes in ilie wa- 
ters they inhabit. The streams of the world — from source to mouth 
— provide living places for various types of fish. Fishes are found in 
mountain torrents and sluggish rivers, ice<old lakes and hot volcanic 
springs, foul swamps and clear, crystalline pooh, soda-charged wa- 
terholes and acid lakes, sun-heated ponds and murky caves. Some 
fishes even make temporary pools their homes, and when tJiese dry 
up, the fishes either travel overland to find water elsewhere, or hole 
up in mud until the rains come; they may also die, but leave their 
drought-resistant eggs beiiind to carry on the race. 

Few of these waters are entirely isolated from all others, and there 
are fishes adaptable enough to live in more than one kind. For in- 
stance, a number can thrive in cither fresh or salt svater, or in places 
either warm or cold. 

So it is not surprising that fishes, being subjected to such diverse 
conditions of existence, should show widely different stnictures ahd 
functions, and should vary so greatly in their life histories and pat- 
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terns of behavior. But tlih varirtjr of d*»clUns plicr* "o‘ 

account for the divcnity of fi»!i life, beraose in a single, relatively 
uniform locality, as that aiutmd a coral reel, as many as tuo hundred 
species may be found— elor^ueiii evidence that there arc additional 
faaors involved in the evolution of ftsli. 

There U hardly anything that lives in t*atcT, cither plant or animal, 
that b not eaten by wme fisit. Fishes prey extensively upon one an- 
other, too. Most hiratre perhaps ate ttiovc telatirmshipi in sthich 
fishes mate tlieir homes inside living sponges, snails, bis-ahes. sur- 
fish, and sea-cucumberi.or itvvchich tlscy vltate the burrovssof shrimps 
and v*orms, or live among the stinging tentacles of jcllyfisha and 
sea -anemones. 

We sliall loot more ch»vely at the many s^-ondcrful fcaujrcs of fiili 
life — the relationships betMcen fishes and other aninuli and among 
the various kinds of fblicv— in the “biographies” of sarioiii fishes, 
later on. 

THE nsirs BODY 

A typlal fish, such as the striped bass, U roughly spindle-shaped, 
tapering at each end. lu muscular, streamlined body it beaiiiilully 
constructed for fast and effidem movement through the relatively 
dense medium of setter. The rear end of the body, including the tail 
fin. serves at the principal means of locomotion through the ssater: iu 
motion from side to side causes die fisli to move fonsard. The caudal, 
or tail, fin plays only a minor part in this process, although it does 
make for more precise movement. The fins along the midline of the 
dorsal sutface (the bad.) and on the midline of ifie ventral surface 
(the belly) behind the anus, or vent (called "dorsar and “anar fins, 
respcaivety), act as keeb or stabiluers, and the two sets of paired 
firu. die peaorab and die pelsics (corresponding to the limfjs at- 
tached to the shoulders and hips of other backboned animah) arc 
used in stopping, turning, and other maneuvering. 

In die water, die fish has to move up and donn, as well as from side 
to side and forward and backward; except for the birds and bats, few 
vertebrates face this problem. As a consequence, fishes have an 
extreme nicety of adjustment and inteiaaion of fins and flexible Uxly. 
Even breathing is integrated, because the discharge of svatcr through 
the gill covers lends to move the &sh forward, and to b compensated 
for — chiefly by movemenu of the pectoral finy , 
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HOW FISHES REMAIN SUSPENDED IN WATER 

In order to remain suspended in the water without constantly ssvira- 
ming to keep from sinking to the bottom or floating to the surface, 
many fishes have bodies with nearly the same density as the water 
surrounding them. Flesh and bone are heavier than svater, of course, 
but, to compensate for this weight, many fishes, the striped bass in- 
cluded, have a imm bladder, or air bladder, which is a long sac, 
filled with gas, between the stomach and the backbone. In some fishes 
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this bladder opens into the gullet; in others, like the striped bass, it it 
sealed off completely. In either case, however, the volume of gas in. 
side can be changed to suit different conditions. Air bladders are also 
sometimes used as breathing organs, a* aids in hearing, and in the 
production of sound. A good number of fishes get along without 
them, mostly bottom-inhabiting forms, but even some that live in 
mid-water, such as certain sharks and the Atlantic mackerel, lack an air 
bladder. 
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THE ^VAY FISHES BREATHE 

The striped bass breathes by taking in water through its mouUt and 
passing it through its gills and out under iu gill covers. The gills are 
so construacd that they can extract oxygen svhich is dissolved in the 
tvater and throw off carbon dioxide into it. Several groups of fishes 
also have accessory breathing orpns which enable them to breathe 
in directly the air above the surface. Such species often live in stagnant 
or warm water, where the amount of dissolved oxygen is low and that 
of asphyxiating carbon dioxide is high. Among these fishes are ones 
which have become completely dependent on their accessory breath- 
ing organs and drowi if kept too long under water. 

All fishes must eat, hut do they drink? The answer is definitely 
so far as ocean-dwelling bony fishes are concerned, and recent experi- 
menis indicate that at least some &esh-water fishes also regularly 
swallow water in addition to what they toight accidentally take in 
while feeding. 


A nSH^ SENSES 

Some fishes axe primarily “eye-minded,** depending tor the most pan 
on their eyes for sensory contact with the world about them. The 
striped bass is one of these, and the pike is another. Other species, 
sudi as the brown bullhead and the sturgeons, are more "taste- 
minded" or "smeU-miuded." This type often has barbels, or "feel- 
ers.” with rvhich to explore its juiroundings. Viewing objects thTOu<»h 
the r»-2tcr presents dilBoiUics not encountered in air; nevertheless, 
numerous fishes show real ability to see sharply. IVimess the accuracy 
with rvhich the trout or the bass strikes at the fisherman’s fly. So far 
as known, fisho are also able to perceive colors. 

Fishes have ears, although they are hidden away inside their heads. 
Like other vertebrates, fishes use their ears to keep their twi:.,,.-.. 
and to detect sound waves. Fishes are also equipped with a system of 
small canals that lie under the skin and communicate with the ex- 
terior a series of pores. Part o! this complex organ is visible exitr- 
naUy; it is known as the "lateral line.” and is quite apjaient in the 
stnped bass. It "feels" many of the numerous vibrations tiansmiued 
through the water, thereby acungaa a son of long-distance touch. Not 
all fishes have lateral lines, however. 
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In fishes, the nose is not connected to the moutii, except in a hand- 
ful of species. Fishes use their noses only to smell, not to breathe— 
sviih the exception of the electric stargazer and its very close relatives, 
and perhaps certain eels. Smell and taste are rather diflicult to tell 
apart under svater: at any rate there is a lot of evidence that fishes can 
be acutely sensitive to chemical substances. Many of them have taste 
buds over much of their bodies, and thus are able to detect the pres- 
ence of food even with tlieir tails. Usually barbels and other sensory 
organs are especially well equipped with taste buds. 

BIRTH AND CARE OF THE YOUNG 

The vast majority of fishes reproduce themselves by means of eggs 
that are both laid in the water and fertilized there. Their eggs are 
usually spherical, less than one-cighth of an inch in diameter, and 
may sink or float. A few kinds of fishes give birth to living young, and 
a still smaller number lay eggs that have already been fertilired while 
inside the female. Although most fishes show no concern toward their 
eggs, quite a number make nesa for them, guard them, and otherwise 
care for them until they hatch. A few of these also tvatch over the fry 
when they hatch from the e^. With few exceptions, it is only the 
male fish who makes the nest and performs the ‘‘nursery" duties; 
in certain species both parents cooperate, and in others the female 
alone cares for the eggs and young. 

POPULAR NAMES OF FISHES 

Many hot arguments have been held over the proper popular name 
for a given fish. It usually turns out that both sides were right; a fish 
having a certain popular name in one part of the country may be 
called by a different one somewhwe else. ^Vliat we call the zebra fish, 
for example, is also knoivn as the lion fish, turkey fish, butterfly cod, 
devil fish, dragon fish, stingfish, firefish, and fireworks fish. 

The better recognized a fish is, the more popular names it seems to 
have; for instance, no Jess tJian forty-fonr diffcrenc names have been 
recorded for the well-known laigeraouth black bass. At one lime or 
another this fish has been called green bass, svhite bass, gray bass, yel- 
low bass, spotted bass, striped bass, straw bass, moss bass, mud bass, 
rock bass, river bass, lake bass, marsh bass, bayou bass, and cow bass. 
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It has also been called a green or white trout, a white salmon, a green 
or yellow pond perch, and a souihem chub. Many of these names have 
been traditionally attached to entirely different species. Many are 
confusing in that a member of the fresh-water btacC bass and snnfiih 
fam ily cannoi serf well also be a member of the pcrdi or the salmon 
and iioui {amily. 

•An effort to straighten out this confusion has recently been made 
by the Araerican Fbheries Society, the Outdoor Wriien Association 
of America, and the Board of Conservation of Florida, worlting 
through the Univenity of Miami. Each lias published a valuable check 
list o£ ffshes that includes a careful selection of popular names. Since it 
is dearly impossible lor us to list even a part of the multitudinous 
synonyms belonging to most fish of the su cc ee d ing series of "biog- 
raphies," we have lollcpwed these authorities, especially the first, in our 
choice of popular names. 


nSHES OF LONG ACO- 
AM» THXIR DESCENDANTS TODAY 

Fishes form the oldest group of vertebrates, that b to say, they were 
(he first backboned animals to develop on the earth. The earliest fos- 
sil record of them dates back to the Ordovician period, some four 
hundred million years ago. 

These fish, which we call “Ostracoderms” (meaning “shell- 
skinned"), were heavily armored and had no jaws. The head and 
front part of the body were encased in a shieldlike, bony, external 
cover. Most spedes were small, and all of them were certainly not 
“built for spe^” They apparently poked along the bottom, sucking 
in dead organic matter for food, and depending on their armor for 
protection. None of these andent fishes b alive today; they have 
been extinct for die last *So million years. Their nearest living rela- 
tives are the jawless fishes — the lampreys and hagfishes— of the 
Cydostotni (“circular moudied"). 

During succeeding milljons of years other groups of armored fishes 
appeared and disappeared. Sharks first show up in geological deposits 
that are somewhat more than three hundred mDlion years old. Their 
descendants constitute the da» Chondrichthyes ("cartila<’e-Eshes") 
which have grude instead of true bone in their slelelons. ° 
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About the same time the first of the class Osteicluhyes (“bony 
fishes”) appeared on ihe earili. Tliis group, ivlucJi now contains the 
vast majority oE fisli species, differs from the others in having true 
bone in at least some part of the skeleton. Because of tlte various 
highly specialized members of the group, it is hard to find character- 
istics that are common to all species. All have jasvs and at least one pair 
of nostrils, but some lack fins or scales; in fact, practically every fish 
characteristic is lacking in one species or another, or is so modified as 
to be hardly recognizable. 

One very old group of bony fishes — that comprising the cross- 
optcrygians (a name meaning “fringed fins")— is of especial inter- 
est, because it svas from them that the first backboned land animals, 
the amphibians, evolved. Although at one time the fringe-fins were 
the cliief animals of prey in Eresh water, only two salt-water species 
areknoivn to be alive today. These "living fossils" are the East London 
coelacanth and the Anjouan Island coelacamh. With their close rela- 
tives die lungDshes, tl>e fringe-fins constitute one of the major divi- 
sions of the bony fishes, the subclass Choanichthyes ("nostril fishes") 
•—so called from the fact that they, or their ancestors, had a nose that 
connected with the mouth. 

Witli the exception of five species of lungfishes and two fringe-fins, 
all of the living bony fishes are included in the subclass Teleostomi 
("perfect mouth"); Uicse are the ray-fmned fishes. The scientific 
name refers to the presence of true bone in the structure of the jaws 
and skull; the popular name to the structure of the fins, by whidi these 
fishes can be distinguished from the fringe-fins. Although a few of the 
ray-fins have fins witli a Reshy base like those of the fringe-fins, the 
arrangement of the bones inside is fundamentally different. 

One point concerning ilic cvoluiionary status of fishes should be 
emphasized. Although they belong to the most ancient group of back- 
boned animals, and a number of them which arc still alive today can 
be called "living fossils" because of their similarity to ancient types, 
the vast majority of species are as up-to-date, geologically speaking or 
in an evolutionary sense, as any bird or mammal. Most fishes of today 
represent highly specialized lines of descent that were undergoing 
evolutionary change at the same time that the amphibians, reptiles, 
birds, and mammals were evolving to their present state. Therefore, 
fishes, in their oivn way, are just as "modem" or "advanced" as any of 
these so-called “higher creatures.” 
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THE PROTOCHORDATES, MYSTERY ANIMALS 

Earlier in tliis chapter tvc made reference to these ncar-vcrtcbratcs. 
Unless you are a frequenter of certain rocV.y seashores or have fished 
for the lancelets in China, you have probably nc%'CT seen a ptotocbor- 
date. In fact, few people even know of their existence. Zoologists, on 
the other hand, are svcH aware of them, but in many ways the pro- 
lochordaics are mystery animals to scientists as well as laymen. 

The proiochordates arc not fishes, although ilicy live in svater. 
Everyone has heard about "missing links" and hosv they provide key 
information about the course that evolution has taken. By rights, pro- 
tocbordates should be missing links. They have, at some time dur- 
ing their lives, a rod-shaped stniaure (notochord), the forerunner of 
the backbone. Thus they stand between the animals srithout back- 
bones (the jellyfish, shellfish, starfish, insects, worms and all the 
rest) and those with them (the fishes, amphibians, reptiles, birds and 
mammals). But instead of solving the problem of how some back- 
boneless creatures through eons acquired backbones, the protochor- 
dates have simply seated new problems of their oivn. Instead of be- 
ing a key, they turned out to be a headadie. In other words, careful 
study of these animals has failed to reveal the course of evolution. 

But the exact location of the proiochordates in the scale of life is 
mainly the concern of sdeotific spedalisis. These animals are alw» 
intcresung sti their ow-u right because of the roost peculiar lives they 
lead. They may be separated into three principal groups: the sea- 
squirts, the acorn worms, and the lancelets. 

Sea-squirts are aptly named, for if you touch one it is likely to send 
forth a couple of small jets of water. Most likely you would mistake 
die creature for a bit of marine plant life or at best some sort of 
sponge. It is a small, sac-like object fastened at one end to a rock and 
bearing two small holes at the other. The body is encased in a 
jacket or tunic which gives it the appearance of a small bag and from 
which it gets the name of tunicate. 

Sca-squirts or tumcates live only in the sea. many of them on rocks 
that may be exposed at low tide, others in deeper ss-ater, and stUl 
rAhws in the wmer itsdf. fioaung Ucc. One of the £asdnatin<- thin-»s 
about ^e fixed s«-squirts is that they stan out Ufe as tiny, frec- 
swimming. tadpolclikc creatures whkh soon settle down, lose the tail 
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and gradually assume the typical adult tunicate shape — or lack of it if 
you will. They spend the rest of their lives in one spot, more like 
plants than animals. Like plants, some tunicaics can reproduce 
themselves hy budding. IV'hoIe colonics arise from the buds of a single 
individual. Tunicaies feed on microscopic organisms which they filter 
out of the water. 

Acorn worms live in the mud and are seldom seen. Like the 
sea-squirts, they are strictly marine. They may be only two inches in 
length or as long as two feet, bttt they are rarely any bigger around 
than an ordinary pencil. At the from end, they have a rounded pro- 
boscis which fits into a collar, and it is from tills structure that they 
get their popular name. In the manner of earthwonns, although 
they are not worms at all, these animals swallow quantities of earth 
or mud from which they digest the organic matter, and, like earth- 
worms, they leave their castings on the surface near the entrance to 
their burrow. 

Tlic lancelets are cransparent, fishlike animals, two inches or less in 
Icngtli, which inliabit sandy beacbes in m-any parts of the world. 
They spend most of their time hidden in the sand, only the 
snout projecting above the surface. Occasionally tliey d.art about, but 
they soon return, usually burrowing tail first. Although they look a 
good dc.!! like a small fish, lancelets do not have eyes or ears, nor do 
they have a brain, heart or skeleton. They feed on microscopic organ- 
isms svliich they strain out from a current of water flowing through 
the mouth and out past tlie gills. 

Despite their small size, lanccleu are so abundant at one spot near 
Amoy in southern China that they are fisiicd for food. It luis been esti- 
mated that about S5 taken during a single season. This is 

equis'alent to more than a billion individuals. 

riSlI ARE RIG BUSLVESS 

The economic importance of fish » greater today than ever heforc 
and js steadily growing. Statisticians predict that much of the vitaf 
protein food necessary to nourish our cs-cr-mcrcasing human popula- 
tion— of whidi perhaps half is underfed even today — will come from 
marine (salt water) fisheries. At present, approximately twenty-five 
million ions of fish arc procured from the sea cadt year, investi- 
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gallons of ways and means to increase this yield are now being vigor- 
ously pursued in many parts o! the world. In the United Stales, the 
total estimated catch of salt and freshwater fish for one recent year 
was more than 5,850,000.000 pounds, valued at nell over §200,000,- 
000. 

Sportsfishing has become enormously popular of late, especially in 
the United States. There, during the year ending June 30, 1951 more 
than sixteen million fishing licenses were issued, providing a revenue 
of more than thirty-fis’c and one-half million dollars. Trade experts 
estimate that sportsfishing provides an income of about 150 mil- 
lion dollars each year to tackle manufacturers, boat captains, bait 
dealers, and others engaged in the business end of “fishing for fun." 

A third industry connected with fish has recently become quite im- 
porunt — that concerned with the keeping of fishes as pets. One esti- 
mate places the number of people who mainialn captive fishes in 
America at ten million. A large fish-importing trade has been built 
up, as well as the domestic breeding and rearing of tremendous oum* 
ben of small tropical freshwater fishes, goldfish, and aquatic plants. 
Along with this, there has developed an extensive lank-and appliance 
manufacturing business. Little fish are now big business; approxi- 
mately 150 diSerent species of “tropicals" and forty kinds of aquatic 
plants are regularly avaibble on the market today. 


Lampreys and Borers— Modem Primitives 


I HE tAMPRCYs and borers are the most primitive of liv- 
ing animals with backbones. Eel-shaped, jawless, scaldess fish with a 
singU novnvl. they Vaik tbe paired 6ns vc find in most other fishes. 
For feeding, thqr possess a rou^. rasping tongue, with which they 
scrape away an entrance to the body cavities of other fishes. 
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In all, we are acquainted with about fifty species of these creatures 
(class Cyclostomi, a word meaning "circular mouths”). They range 
from six inches to about three feet In adult sire. 

All of the borers, which include the hagfishes and slime-cels, are 
ocean dwellers, and lay relatively large eggs with a protective, liorny 
shell. Unlike the lampreys, they seldom, if ever, are able to attack 
living prey, but eat their tvay inside fishes tliat are injured, or trapped 
in gill nets (nets that catch on the gill covers wlicn the fish tries to 
back Out). Tlie borers devour their victims completely, except for 
head, skin, and the larger bones. 

Tlie Sea Lamprey, Pelromyion marinus, is a repulsive-looking fish 
with a mode of life that befits its appearance. It lias a long, eel-like 
body, covered with scalele&s skin that grades from whitish on the 
belly to grayish blue on the back tn young adults, older individuals 
becoming mottled. Us only fins are a small caudal (tail) fin and tsvo 
small dorsal (back) fins. It has a pair of well-rormed eyes, and behind 
cacli of these stictclies a series of seven holes which lead into the gills. 
A single nostril opens midway between the eyes. 

Instead of jaws, the lamprey has a round, sucking moutii, lined 
svith more than a iiundrcd sharp teeth and containing a pistunlike 
tongue also armed witli teetii. With iu sucking motiili tlie lamprey 
fastens itself onto a fish, then rasps a hole in it, and sucks out its bitxxl 
and body fltn'ds. Lampreys sometimes attach themselves to large 
sharks and to ba.its and are capable of overtaking and fastening onto 
motorboats traveling fifteen miles per hour. Occasionally they attach 
themselves to human swimmers, but do not feed on them, although 
they have been known to cut out lumps of imue from svhalcs to wliich 
they hate fastened themselves. 

llierc are about iweniy-fise diflerent kinds of lampreys, and they 
arc found in both fresh and salt waters of many paru of ilic world. 
Tliose that live in the ocean, like the sea lamprey, go into fresh water 
to spawn. In the spring full-grown sea lampreys, ranging from about 
luo to three feet in length, enici streams on our Atlantic coatt. They 
sometimes employ their sucker-moiithi to ascend svatrrfalls and rap- 
ids. and always use them tn build their nnis. Uoih male and female 
<t>o|>eraic in moving stones to form a depression in wfiich the small 
eggs, sometimes mure than 100,000 are laid. After one spawning, 
lampreys die. Tl»e young larvae ilo not tesentblc their parents at ail 
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Sharks, Skates, Rays, and Chimeras 


11 OT EVERY sitARR IS 3 fcar-lnspiring giant, yet some are 
even more than that. Tliey range in site from two feet to about sixty 
feet in length. We encounter them in ocean waters tliroughout almost 
all of die world, but seldom where it is extremely cold. A few species 
Tun up into the fresh waters of tropical rivers, and three or four are 
regular inhabitants of fresh-water lakes In Central America and Thai- 
land. 

Sharks are flesh-eaters, and some arc extremely savage in their liab- 
its, as wc shalt soon sec. Most of them give birth to living young, but a 
number lay eggs with homy cases; fertilitation is always internal. You 
may he surprised at the enormous variety among the sliarks: about 
835 species are known. 

Most of the skates and rays live in the sea, although the sawfishes 
and some of the skates go far upstream, and some of the rays live per- 
m.incntly in fresh water. Tlie bodies of these strange anim.i 1 $ are 
very much flattened, and usually their pectoral fins are so exp.indcd 
they remind us of wings. Tlie skates undulate these fins to drive them- 
selves forward, while (he rap Rap them like wings, flying through 
tile water. In sire these fishes range from monsten twenty feet acrow 
the wings to tliose less tlum one foot in width. So far as wc know, the 
skates lay eggs with horny cases, while the rap have living young. 
Scientists have named and described severai hundred species. 

The Weird-looking chimeras are at home in the deep waters of the 
oceans. wViere tliey arc only rarely seen. Time Vilimt-nosed fishes 
attain lengths of roughly three feet. They lay large eggs witli homy 
capsules. 

Tlie sharks, skates, rap. and ctiimeras are different from most 
fishes in a number of odd and imercsiing wap. For one thing, all of 
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them ha^c gristle instead o{ inic Iwnc in their skeletons. Tlie^- base 
jaws, ts\‘o seu of paired fins, and a curious coseting of spiny scales 
sshich giscs the shin a texture like the surface of a file. Known as 
placoid scales, these are found only on fishes of this group. 

Tliese creatures also lack the true gill covers of the bony fishes: 
instead, tlic sharks, skates, and lays have from fite to sesen pairs of 
gill clefu, each opening to the ouuide, while the chimeras have a 
single opening on each side, formed by a fold of the skin — not a bone- 
supported. muscle-controlled organ like the gill coten of almost alt 
bony fish. Sliarks, skates, rays, and chimeras differ from the bony fishes 
in several oilier fundamcnul ways, and arc so distina that some zool- 
ogists do not consider them to be fishes at all. \Vt place them in a 
class by themselves — the Chondrichthyci, a name meaning “gristle 
fishes." 

The Sand Shark, CercAtfriai launu, is one of the commonest sharks of 
the Atlantic seaboard. It h of little economic importance, howeter, as 
a source of food, leather, or vitamin A (from the liver). Typically 
sharklike in appearance, it has a prominent snout. fi\e gill-sliu cm 
either side behind Uie eyes, an undershot jaw ringed with seseral 
roses of sharp triangular teeth, and a tail ss'ith the upper lobe much 
longer than the lower one. Predominantly light bronze in color, its 
rough skin, called “shagreen." has a metallic luster when siew'cd un- 
der w-atcr. 

A number of spedes of sharks arc dangerous to man; but the 
sand sharks look more sinister than they really are. for they bas e nes'cr 
been known to attack human beingv Their relatis c, the gray nurse of 
Australia, has a sery bad repuulioo. though, and has contributed its 
share to the more than two hundred recorded shark attacks from 
that continent for the yean 1840 to i^o. From igig to 1949 inclu- 
sive, soaicy-sevcn authenticated shark attacks on Australian swim- 
mers and bathers arc on record, in addition to thirty-three on profes- 
sional divers. More than two-thirds of the swimmers and bathers died 
from the wounds they received. (The gray nurse is cmly a distant 
relative of the nurse shark of Florida and the West Indies.) 

The largest sand sharks on record measured almost eleven feet in 
loiSfii. tal a. ipoio doa not on luge pn,-. voiadoml, ratio, 
many kinds of smaller fisba instead. “ 

ronate give birth to lira. pnm.. a tingle on. at a dmo, t.htch it 
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especially well-developed at birth. Evidence indicates that the single 
fetus actively swims about inside the reproductive tract of its mother 
and that it feeds upon undeveloped eggs that apparently are specially 
shed into the uterus to provide nourishment for it. 

The Maho, /surus oxyrjncAiis, is a savage, streamlined shark of the 
tvarm Atlantic, renowned for the fighting qualities it shows when 
hooked. Most game fishermen regard it and its close relative, Isurus 
gl/itjcus irom the Pacific and Indian Oceans, more highly than any 
other shark. These species take rapidly moving bait, and tlien swim 
East and hard svith it, sometimes leaping as high as ten feet or more 
out of the water in their efforts to escape. They are also known to 
attack deliberately the man or boat that has them fast. The record Pa- 
cific mako was twelve feet long and weighed one thousand potinds. 
The Atlantic form is said to reach thirteen feet. 

Makes are eaters of fish and can capture speedy ones like mackerel. 
They attack larger fish, too. The Atlantic mako fights with the sword- 
fish, and whole swordfish as well as many pounds of swordfish flesh 
have been found in its stomach. In the Pacific, makes fight with the 
black marlin. 

The Great Wiiie Shark, Carcharodon careharias, is also called "the 
man-eater," a title tint it well deserves, since it is undoubtedly the 
most dangerous of all sharks. Not only does it maim or kill bathers, 
but without provocation it svill sometimes attack small boats. Few liv- 
ing creatures are safe from its huge appetite. Sea Hons, seals, sea tur- 
tles, sharks, tuna, and a large variety of other fishes have been found 



THE MOST DANGEROUS OF AIL SHARKS 

Th* gr«at white ihorh li Icnewn at "iha ■aanteaTar.'* It oeca>1cna11]l iniure, or hill, rarlnk 

marv and wmalTmaj otiack* baolt. Il« eppatite <• huQat »»a lioni. Mall, ond elkar lorga 

CMaturai havs box found In lha itaatach of tba ihe,V. Hew»>«r, tho piranha of SauHi 

Amtrica Ii e mera dongeroui flih than thb ona. 
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— iomcumes in a whole condition — in white shaits stomadu. Tin* 
shark also eats garbage and oflal, at least occasionally. 

The white shark Inhabits temperate and tropical oceans all over the 
world, coming near shore iairly Ireqocnily in some regions- 

One specimen was thirty-six and one-half feet long, but mature fe- 
males are usually about fifteen feet long, and few indisiduals are 
found larger than this. A iwenty-one-foot specimen weighed seven 
iliousand pounds. The fcnulei bear living young. 

The Thresher Shark, Alopias vulpints, has an enormously elongated 
upper lobe of its tail fin which is often longer than all the rest of its 
body. This fin is apparently used in capturing prey. Riding herd on 
a school of fish, the thresher swims ‘round and 'round them, all tlic 
while splashing with its great uil. Gradually it forces them closer 
and closer together, and finally goes in for il»e kill. Sometimes two 
threshers will wort together in this fashion. Occasionally, the tail it 
used to strike prey such as sea birds and fish. The old belief lltat the 
thresher shark teams up w-ith the swordfish to attack tvhales is untrue. 

This temperate and tropical species occurs in the Atlantic and east- 
ern I'acific. but srhether the form found In the western ?actfie and 
Indian oceans is the same species or not is still undecided. Tliresher 
sharks grow to a length of twenty feet or more, about half of which Is 
composed of the tail. The females bear living young, two to four at a 
lime, about three feet long. 

Threshers are harmless to man. although they sometimes cause trou- 
ble by breoraing entangled in fishing nets. 

The Nurse Shark, Gingfymostoma OTralum, is a iluggidi species that 
spends much of its time lying quietly on the bottom in the shallow 
waters of the tropical Atlantic. It is well known in Florida, where it is 
extensively fished for its hide, considered the best from any Ameri- 
can shark for the produaion of leather. 

Nurse sharks have large broods, as many as twenty-six young being 
bom at a dine. Netvly bom nune sharks are less than a foot in length 
and generally show numerous spots that are usually lost as they grow 
up. Their ground color ranges from gold to light brown. Although 
nurse sharks mature at about five feet, individuals as lon» as fourteen 
feet have hem caught. They teed mostly on creatures like crabs, 
shrimp, spiny lobsters, squid, and sea utchim, and on small fish. 
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Tlie ^Vliale Shark, Rhiucodon typus, is the largest of living fishes. Ac- 
curately measured specimens forty-five feet long are on record and 
some ol sixty feet iiavc been reliahly reported. No one knows just 
how much such monsters weigh, but ihc estimated weight of a thirty- 
eight-foot example was nearly s6,6oo pounds. 

Found in all tropical seas, the xvftalc shark occasionally ventures 
into temperate waters. It sometimes gathers in schools. Often it basks 
or feeds at the surface, and is so fearless or lary, tliat it is sometimes 
rammed by ships. 

The whale shark eats only smaller invertebrates and fishes. It has 
a large mouth with very small teeth and a strainer-llkc apparatus at 
the gills. Swimming open-mouthed through schools of little fish or 
aggregations of other small sea animals, the whale shark engulfs 
them. The water b then forced out through its gills, and the animals 
are caught on the spedaUy contrived gill arches which act like sieves. 
There are also repons that this shark feeds In a vertical position, head 
up, and that it sucks in its prey. 

Tlie whale shark's back and sides are distinctively marked with 
round white or yellowish spou that shotv up plainly against the 
dark gray or brown of the skin. 

The Smooth Dogfishes, Af cants of the western Atlantic and 
MusUlus californicus of the eastern Pacific, are small sharks that at- 
tain lengths of about five and two and one-half feet, respectively. They 
do not inhabit the open sea, but usually remain quite near shore. 

What we say here applies to the Atlantic species, but the Pacific 
one is undoubtedly quite similar. Crabs and lobsters are its chief Food, 
but small fish, worms, squid, and other mollusks are also eaten. Gar- 
bage is taken if available. Dogfish have about six rows of flattened, 
pavement-like teeth, employed for crusliing rather than shearing 
as are the more pointed teeth of many sharks. Scientists have sliown, 
by marking individual teeth in the rear roivs, that the dogfish's back 
teeth gradually move forward, replacing those lost at the front edge 
of the mouth. Since new ones are constantly being formed, to move 
fonvard as those in front break oflf or arc vrom away, the shark has a 
never-ending supply of teeth. TTic sand at the bottom of the shark 
tank in the old New York Aquarium was filled with hundreds of dis- 
carded teeth. 

Other experiments have shown that the smooth dogfish seeks its 
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prey by smell raiber than sight, e\m ihoiigli it has s\clI-dcvclopc<I 
eyes. Tliis b probably inic of many other Linds of sharks, but 
whether it holds for the last-swimming oceanic ones is questionable. 

Some sharks lay large eggs coseied with homy capsules. In others 
the eggs hatch while still inside the mother, and the young sharks 
complete further development before being libciatcti. In the smooth 
dogSsh, which produces living young, there is an intimate, placenta- 
like union between the bloodstreams of the mother and her offspring, 
by which the embryo is provided food and other necessities in a s'^ay 
similar to that in the tnaromals. The period of deN'Clopmcni within 
the mother is about ten monilis, and the litters of four to twenty baby 
dogfish, about fourteen inches long, are bom in late spring and early 
summer. Since smooth dogfish are of little commercial importance 
and are believed to be destruaivc to other fishes, tlicir abundance it 
sometimes an annoyance to fishermen. 

The Tiger Shark, GaUoeerdo asvicr, okuts in tropical oceans all over 
the world, and strays into temperate waters during the summer. No 
one is sure whether iu popular name arises from its voracious liabits 
and prominent, sickle-shaped teeth, or from the suipes and blotches 
displayed by smaller specimens. At any rate, tiger shark* are consid- 
er^ the most dangerous spedes in some areas, and are proved man- 
eaten around Australia. 

Tiger sharks up to thirty feet in length have been reported, but 
the longest on fully authenticated record was an cighiecn-foot speci- 
men. AVhen bom they are about one and one half feet long. The sire 
of litter varies greatly; from ten to eighty-two young have been found 
in various females. 

Most remarkable are the feeding habits of tiger sharks; practically 
everything edible— and much that is not— has been found in their 
stomachs. Their food ranges in size from small crabs to giant sea tur- 
tles and other large sharks. Spiny lobsters, horseshoe crabs, snails, 
octopuses, squid, fishes of all som. sea snakes, birds, and sea liom arc 
all eaten by them. They capture sting rays which often lease their 
spines embedded in the shark’s jaws. All kinds of offal are eagerly 
swaMmved, includmg the heads and hooves of cows and hotso,°aDd 
whole dogs. cats, and goats; even human corpses. Such indigeiuble 
ihmgs as old boots and clothe*, tin cam, and sacks of coal have also 
been laV-n from their maws. 
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This abundant species is fished for Us hide and also, to some extent, 
for its liver. As with numerous other sharks, its hesh is palatable and 
is used for food in certain localities. 

The Soupfin Shark, GaleorJiinm zyoptenis, from the coast of Cali- 
fornia and Baja California, has long been well known to the Chinese, 
who consider its fins superior to almost all others as an essential in- 
gredient of certain soups. The fins are cut off and tlioroughly dried, 
in whidi condition they can be shipped. Before they are used, they 
are soaked in svarm water, and the cartilaginous rays, that in life gave 
the fin its strength, are separated from the flesh. Then these rays are 
sliced up and boiled with meat, chicken, vegetables, and so forth, to 
make soup. 

Not until 1937 did the soupfin shark become generally known. At 
that time an intensive fishery for thb species was instituted to obtain 
its liver, which had been found to be extraordinarily rich in vitamin 
A. Since soupfin livers sold for as much as thirteen doihr/ a pound, 
dnd an average female's liver might weigh as much as fifteen pounds, 
Small fortunes were made on a few boatloads of these sharks. ^Vithin 
three years, however, the number of sharks taken fell off lo sucii an 
extent til, 11 many fishermen had to abandon the fishery. It is believed 
most probable that this reduction in numbers may have resulted from 
over-fishing, because the soupfin shark is apparently a slow reproduc- 
ing and maturing species. 

Male soupfin sharks mature at a length of about five feet, the fe- 
males at a somewhat larger sire. The young are bom alive, and an 
average brood consists of thirty-five individuals. 

Other species of sharks arc also important for the considerable 
amounts of vitamin A that arc contained in the oil of their livers. 

The Hammerhead Shark, Spfiyrna rygoena, has one of tlie strangest 
heads found among fishes. Its skull is flattened into two long, narrow, 
squared-off projections, at the extreme ends of which are located the 
eyes and nostrils. No one has been able to explain the utility of this 
bizarre arrangement except that the placing of the paired sense or- 
gans further apart may allow more accurate location of prey or ene- 
mies— much in the way that a wider base between two observation 
points permits more accurate range-finding for artillery. 

The food of hammerhead sharks consists mostly of various fishes. 
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including its own kind, other sharks, skates, and sting ra>-s. Tlierc are 
several authenticated accounts of hammcriicads atucking human 
bathers. Since they reach a length of thirteen feet, they arc capable 
of doing considerable harm. In the shark fisheries of the West Indies 
and Florida, hammerheads are used both for leather and liver oil. As 
many as thirty-scs'cn embr^’os have been found in a single female. The 
young are about twenty inches long, and their ‘'hammers” arc folded 
back alongside the body to make birth easier. 



In the Atlantic, there are five spedcs of hammerheads, but exactly 
how many exist in the test of the oceans is not tnown. 

The little Skate, Raja erinacea, is the best knosra of the halMoren 
spedcs of skates that are found off the northeastern qJ 

the United States, like practically all skates, it lives mostly on the 
bottom and the greater pan of iu food consists of bottom inliabiting 
animals such as crabs, shrimps, svorms. sea squirts, bis-alves. sqtiii 
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and small fishes. It has numerous rows of small, rounded teeth set in 
a pattern resembling a tile pavement 

Skates are relatives of the sharks, much flattened from back to 
belly, rvith a roughly triangularly sliaped body, and a long, thin tail. 
The large triangular pectoral fins, extending out on either side of the 
body, are the principal means of locomotion. These fins are undulated 
from front to rear, not flapped like wings as are those of some rays. 
The more or less rigid tail, with nvo small fins attaclied at its end, acts 
as a steering device to a certain extent. 

The eyes are located quite close together on top of the head, while 
the mouth is underneath. The gill slits are also on the underside. In- 
stead of taking water in through tlie mouth and passing it out through 
the gill slits, as do the sharks during breathing, skates use their spi- 
racles, which are two valved openings just behind the eyes. Water en- 
ters Uirough the spiracles and passes out through the gill slits. Thus 
the problem of remaining on the bottom and inhaling without tak- 
ing in debris — as would happen if the mouth svere used — is solved. 

The little skate is usually not more than twenty inches long, but 
tnay attain a length of two feet. Females lay eggs inclosed in a rectan- 
gular, blackish, leathery case, measuring about one and three-quarters 
by one and three-eighths inches, at each comer of which a thin, hook- 
shaped prong is attached. Similar egg cases are laid by other skates. 
They arc sometimes found washed up on the beach and called "mer- 
maids’ purses." The eggs of the little skate are laid during the late 
spring and the summer and probably take several months to hatch. 

There are seventy-five or more skates belonging to the genus 
and they inhabit most of the world’s cool seas. Some of them 
occur in quite deep water. The largest species are about eight feet 
long. 

The Atlantic Torpedo, Teiranarce ocadeiUalis, and the Pacific Tor- 
pedo, Tciranarce cali/orniVo, possess powerful electric organs that 
are strong enough to knock a man off bis feet in certain circumstances. 
At the Ne^v York Aquarium, we measured the electrical discharges 
of a large local specimen and found them to be about two hundred 
volts and 1600 svatts. There is no doubt that such electrical powers 
are an excellent means of defense. It is believed tliat torpedoes also 
use their electricity to obtain food, by stunning fishes and other crea- 
tures before eating them, became relatively large fish have been 
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found in ilicir stomachs without a single mark on tlicir bo<lj«. Only 
by shocking them into insemibiUty could U^e torpedoes ha\c oxer- 
powered these full without damaging them in any way. Moreoxer. a 
Neapolitan species of electric ray has been observed shocking rnullel 
into insensibiliiy and then swallowing thero whole. 

In appearance torpedoes are distinguished from otlier rays by their 
round, dbklike body, large tail fin, and soft naked skin. Some of them 
are said to attain weights of two hundred pounds, but the average 
Atlantic torpedo weighs about thirty pounds. \Vdghts of more than 
fifty poimds have been recorded for the PadCc torpedo. Torpedoes 
are bom alive and are capable of producing clectridiy exen before 
birth. There are quite a number of different kinds of electric ra)a, 
most of them found in tropica) seas. 

The Sawfish. Pnstis peciinaitss, that occurs on the souiheastem and 
Gulf coasts of the United States, has a snout elongated into a flat, 
blunt blade, on each side of which is a single row of twenty-four to 
thirty-two strong, sharp teeth. This sawlike structure is about a 
third as long as the fish's body and is a formidable weapon in even a 
small specimen. In the largest ones of twenty feet, it may be a foot 
wide at its base and six feet Icmg. with teeth projecting well over two 
inches on either side. 

The mouth of the sawfish is located on the underside of the head 
and b equipped only with small blunt teeth. It u the “saw" which b 
used Co obtain food. With a nicely gauged sideswipe the sawdbh im- 
pales a fish on one of the teeth, then swims to the bottom with it and 
there scrapes it off, quickly swimming ox er the fish to engulf it— be- 
fore it can recover, should it not be completely incapacitated. 

The ‘’saw" may also be used in a more haphaard fashion, ibe saw- 
fish swimming into a school of fish and rapidly smkin<» from side to 
side. The dead or injured fish on then be devoured more or less at 
leisure. Sawfish have also been reported as rooting out cxustaccam 
and other invertebrates with the “saw.” 

Sawfish live in shallow, tropical, salt waters and the brackish ones 
around tidal inlets and river mouths. They also travel upstream into 
fresh water well beyond the ce^nuot tidal ist&udcc. They ^ebinSi 
to broo^ of as many as twenty young, which are bom fully armed 
with a ‘'saw"! At ihb time, however, it b soft and flexible and cov- 
eied with a mKobranous sheath. 
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There are about six different kinds o! sawfishes. Although they 
have a sharklike body, sawffshes are really rays, as can be seen by the 
location of their gill openings, tvliich arc underneath the head rather 
tlian on the sides, as in the sharks. 



Kropd It efi. Odd <w<rll«wt It H cos r«'rlra. Alio, Ih* wiirfiih fwimi Inie n Kheel 

ef f!«ti*s, rtritlng l>i*ni down l«h ond 'Ighi; tfxt* g*tt1ng mer* {e«d. Ercn thi young ero 
born fully srmtd *>!lh a "low." 

The Sting Ray, Dasyalit cenlrura, hides at the bottom of seas, bays or 
rivers, its flattened disk-shaped body concealed by sand or silt and by 
its camouflaging coloration. When stepped on by some unwary per- 
son, the sting ray quickly swings its long, flexible tail up and around 
so that it drives into the leg of the unfortunate person a spine that is 
toothed like a saw. This spine is located on the top surface of its tail, 
halfway between the base and tip. The excruciating pain that almost 
invariably follows sucli an injury is caused by some type of poison 
that the spine introduces into the wound. Pain, swelling, dizziness, 
and nausea may be so intense that hospitalization is necessary. In a 
few instances death is said to have resulted. 

There are several dozen different species of sting rays, and they are 
found in all warm seas and in a number of tropical rivers. They range 
in size from a giant Australian form, that aiuins weights of about 750 
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poundi. to small £resh-tt-atcr ones that are the size of a pancake. The 
Sting ray, Dasyalis centnira, which is the one most commonly seen on 
the northeastern coast of the United Sutes. reaches a length of isvelve 
feet, although specimens o\ct six feet long are rare. So far as known, 
all sting rays have living young. 



The Devil Ray, Afflnta birtutm, grows to weights of more than three 
thousand pounds, and is the largest of all the raj-s. It has a diamond- 
sltapcd body that may be twenty feet across from wmg tip to tving-iip, 
a long thin tail, and a pair of prominent "horns" projecting out 
from the head just in from of the eyes. These "horns ' are really a 
pair of fins, called "cephalic" fins. They probably help the des il ray 
in obtaining the small sea creatures upon which it feeds 

Desil rays inhabit the wrarmcr ocean waiers They apparently 
spend a good deal of time at or near the surface, "fiying " through the 
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water by slowly and gracefully flapping their great triangular "wings,” 
or lying quietly, basking in the sun. Their common name gives a 
wrong idea of their habits, for they have never been known to harm a 
man or a boat deliberately, although they have capsized or demolished 
a number of boats in their Herailean efforts to escape when har- 
pooned. Perhaps it u their forbidding appearance and great size t!>ai 
have given them the name of deni ray and made llicm much feared. 

The female devil ray has a single large youngster at a time. One 
eighiecn-fool, isvcnty-lhree-hundreti-pound female which was caught, 
contained a young devil ray just a^ut to be bom; the young one 
svetghed tsventy-cight pounds. 


Fringe-Fimied Fislics and Lungfishes 
—Among Earth’s Greatest Oddities 


These strange creatures arc among the most Fucinating 
oddities on earth. Their forerunners, the ancient fringe-finned fishes 
(crossopterygians) svere at one time the chief animals of prey in 
fresh water. There were great numbers of them, and they thrived 
for untold ages. But they died out milHom of years ago. Or that, in 
any event, was the opinion of scientists until ttvo were discovered 
alive in ocean waters quite recently. 

^VI^y should we dwell on these fishes of ages past? They are of great 
scientific interest, since it was from them that all land animals with 
baeXbones — the amphibians, reptiles, birds, and mammals — devel- 
oped. 

In these ancient types, we find that the paired fins, and sometimes 
the other fins, too, consist of fringed lobes. The rays and membrane 
of the fins are attached to a fleshy, scale-covered base, which contains 
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supporting bones. These bones are so arranged that svith relatively 
little cliange they could have become tlie support of a limb instead 
of a fin. Many fossil fringe-fins used the air bladder as a lung 
to breathe atmospheric air. Tltesc are two reasons why sve bcliesc 
the fringe-fins svere the ancestors of die first backboned land animals, 
the amphibbns. 

The lungfishes are in several ways similar to the fringe-fins, but dif- 
fer from them in the way the jaws are attached to the skull and in 
Ollier charactermia. After studying the lungfishes and comparing 
them sviih fossils, some experu have come to the conclusion that the 
lungfishes are an offshoot of the fringe-fins that has become degenerate 
in a number of svays. Lungfishes hase lobe-shaped paired fins, which 
may, hosvever, be no more than mere ribbon-like stnictures, as in the 
African and South American spedes living today. They alio base 
nostrils that open into the cavity of the mouth and an air-bladder 
that sers-es as a lung. Strangely enough, they do not breathe air 
through tlieir nostrils, hosvcver, apparently using them only for smell- 
ing underw-ater. Many of die internal structures of the lungfishes re- 
semble the ones in amphibians. 

The lungfishes of today are but a remnant of those that lived in the 
past. Five species are still alise. all inhabiting tropical fresh waten. 
Three very similar forms come from Africa, one from the Amazon 
and Paraguay Uivers of South America, and one from Queensland, 
Australia. 

The East London Coelaanih, Lattmcria chalumnae, was unknown 
until 1938, when a fishing boat off die coast of South Africa pulled in 
a five-foot, blue, rough-scaled fish sviUi strange, fleshy bases to scseral 
of its fins and a peculiar triangle-shaped tail. Although the boat crew 
decided to sase the queer fish, they did not realize the sensational na- 
ture of their unique catch. 

As it turned out, the fish belonged to a group supposed to have be- 
come extinct sixty to seventy million years ago — about the same lime 
that the dinosaurs disappeared bom the earth. Moreover, thb ancient 
group of fishes originated about 400 million years ago and is the one 
Uiat includes the ancestors of all land vertebrates (backboned ani- 
mals). 

Through an unfortunate series of circumstances all of the internal 
soft paru and much of the skeleton of the East London coelacanth 
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were discarded before ii was examined by any expert. Therefore, 
strangely enough, the anatomy of sortie of its fossil reiatives is bet- 
ter known. As a result of the first catch in 1938, an intense search was 
started for more specimens, in tite Jiope tljat we might leam more 
about this "riving fossil." In late 1952 fishermen took another coela- 
canth, and Professor J. L. B. Smith, leading South African iclithyolo- 
gist, was rushed by plane to ilie scene of the find. He succeeded in 
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preserving the specimen, to the delight of the scientific world- Most 
surprising of all, the fish turned out to be a different species. Scientists 
are now wondering more than ever svhat rarities still remain undis- 
covered in the deptlis of the sea. 

The African Tungfisli, Prolopterus annectens, has been known to 
live longer without food and water tlian any other backboned animal. 
Specimens have been kept alive in a natural state of suspended ani- 
mation in blocks of hardened mud for more than four years, after 
which they were “awakened” successfully to take up a more ordi- 
nary life for a fish. 

When the waters of its natis'e tropical streams, lakes, and swamps 
commence to dry up during times of unusual drought or during regu- 
lar annual dry seasons, the lungfish sinks into the mud. Being an air- 
breather, it is little inconvenienced so long as the mud remains quite 



1422 FRINCE-FINKED FISHES AND LUNCnSHtS 


soft; but when it begins to harden, the fish has to struggle to the sur- 
face to obtain a gulp of air. Nevenhetess. tl«c lungfish continues to 
force iu way upward periodically, until at last the surface has become 
quite hard, and all tliat remains to indicate the fish's presence is a 
breathing hole scarcely larger in diameter than a lead pencil. 

Underneath in the still pliable mud. the lungfish now prepares it- 
self for its summer rest, or “eslivaiion." as it it called. It folds its tail 
over its head, coming to rest m a tight U-shaped position, head and 
uil uppermost. Its skin secretes a thin covering, protecting all but 
the mouUi o! the fiih against undue drying out. Tlie mml gradually 
hardens all around it, and finally it is completely encased as if in stone. 
Profound changes in the working of the body pans of the immobile 
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aroused from its •‘sleep’’ and soon begins to feed voraciously, princi- 
pally on other fishes and on snails and bivalves. 

The lunghsh lias smali gills, buc muse have access to air or it 
drowns. About once every twenty minutes it comes to the surface to 
swallow a gulp of air, passing the gas into a pair of air bladders or 
lungs that open into the gullet. Among the many other unusual fea- 
tures of structure found in the lunghsh are a pair of nostrils chat open 
from tile exterior into the mouth; in this respect lungfish differ from 
almost all other kinds of fishes. The lunghsh has a long body with 
long dorsal and anal fins that seem to come together in a sltarp 
point to form the tail. The pectoral and pelvic fins are merely long, 
tapering ribbons. Scales are small and completely embedded in the 
skin. In color it is brown or tan with black or dark brown mottling. 

The male lungfish prepares a clear area among dense plant growth 
on tlie muddy bottom, and there the female lays her eggs. These are 
about one-eighth of an inch in diameter and are guarded by the male 
and kept supplied with fresh water by vigorous movements of his tail. 
After about eight days they hatch, and the young are also guarded for 
awhile. Young lungfish are unusual in having external gills — four 
pairs of them — like those seen Jn a number of amphibians. As the fish 
mature, these organs gradually disappear. Lungfish attain a size of at 
least three feet, ^ey are a popular food with native Africans. 

Tlie African lun^isli is widely distributed in the fresh waters of 
tropical Africa. There are two other closely related African species, 
one of which reaches a length of at least six feet. 




Sturgeons and Paddle Fishes 
—Famed tor Their Eggs 


T HE siETicEONS iie Omed for Ihcir eggs, which we eat at 
cawar. Alibough these fishes are dss-ellm in the sea for the most part, 
they leave salt water and go up into rivets to lay their eggs. There arc 
some sturgeons, boweser, that live pennanenily in streams and lakes. 
Perhaps as many as twenty-five spedes Gtist: Uieir cousins the paddle 
fishes, are far fewer in number, and like the sturgeons make their 
home only in the NorUiem Hemisphere. 

Although the sturgeons and the paddle fishes are not close relatives 
of the sharks, they remind us of them in several ways. For one thing, 
they have Utile true bone in their skeletons — mostly these are gristle. 
(Thus the sturgeons and paddle fishes are placed in the order Chon- 
drostei — ■‘gristle-boned-") Five rows of bony plates protect the bod- 
ies of some: others are almost completely naked-skinned. Scientists 
look upon them as primitive forms of the ray-finned group of the 
bony fishes. 

The Atlantic Sturgeon, Acipenser oxyrfiyncftus, roots up sand or mud 
with its pointed, flattened snout to obuUi the smaU, bottora- 
inlubiting invertebrates and fishes upon which it feeds. On the under- 
side of its snout is a row of four barbels, or feelers, that are undoubt- 
edly used to detect food, and behind these is the sucking mouth. 
v\-hich can be protruded. The rather long body has five lon-ntudinal 
rows of large, bony plates, the fish’s scales. The tail is sharklike, the 
upper lobe being tntich longer tlian the lower. 

Atlantic sturgeon are found on both sides of the Atlantic from the 
Su Lawrence River to the Caroltnas in the west, and from Scandina- 
via to the Black Sea in the casL During the spring they enter large 
ICt 
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rivers, and travel upstream to spawn. Large numbers used to be 
caught at this season for tlieir flesh, w/ikli is especially fine when 
smoked, and for their eggs, whidi arc one of tlie original sources of 
the caviar of commerce. The eggs are adhesive, heavier than water, 
and a little larger than one-eighth of an inch in diameter. An aver- 
age female contains over one and one-half million of them. 
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Fully grotvn Atlantic sturgeon are usually about seven or eight feet 
long, but eightecn-foot specimens are said to have been caught on 
both sides of the Atlantic Ocean. At present, in the United States and 
Canada at least, the Atlantic sturgeon is relatively rare, and is appar- 
ently hecomtng more scarce all she Cfme. 

Tlie ■^Vhite Sturgeon, Acipetiser transmonlanus, is the largest fish 
found in North American waters. It is native to the coast and rivers 
of the northwest of the United States, and has been reported to attain 
a weight of eighteen to nineteen hundred pounds. One tss'clvc-and-a- 
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half-foot female weighed 1,285 pounds. Unfortunately, this valu- 
able commercial fish is now very rare, and is probably dying out. 
Hea\7 fishing, pollution, and large dams that keep it from reaching 
its breeding grounds upstream have all taken their toll. 

The Beluga, Huso huso, also a sturgeon, is the largest f^esh•^^•ater fish 
in the ivorld. It is found in the Volga, Dnieper, and other European 
rivers, and in the Caspian and the Black seas. A specimen of this 
aquatic giant, weighing 3,210 pounds, is on record, and several 
exceeding two thousand pounds are known. One fish of 2,250 pounds 
was fourteen feet, two inches long, and a 2.680-pound female con- 
uined over 320 pounds of eggs, or roe, enough to provide caviar 
canape for an army. 

The Paddle Fish, Polyodon spathula, has been called the most re- 
markable fresh-wacer fish in North America because of its many 
bizarre and unique features. Its naked body — it has scales only on part 
of the tail — is quite sharUike in genera) appearance, but its head is 
emitely different from that of any other type of ffsb. Ptojeaing out 
from the front is a long, fiattened snout, about one-third to one-half 
as long as all the rest of the fish. Beneath this paddle-shaped projec- 
tion u the wide mouth, the lower jaw of which can be dropped dowm 
to form a truly cavelike opening. The liny eyes are located alongside 
the base of the paddle. The gill covers arc large and soft and end to- 
ward the rear in a heavy triangular point. 

The paddle fish feeds upon small aquatic creatures like fresh- 
v\-ater shrimp, water fleas, and aquatic insects. It also eats some veg- 
etable matter. Its paddle is undoubtedly used to detect the presence 
of food, for it is well provided with nerves and sense organs, and is 
swung from side to side in an exploratory fashion while the fish 
swims. \S'hen it encounters any tiny creatures, the fish opens its mouth 
wide and literally swims over its food, the vs-ater passing out through 
the gilUhambers, while small objects are retained by the gill taken 
which act like a sieve. 

The reproductive habits of paddle fish are still a mystery despite 
the efforts of numerous sdentbts tn find out how. when, and where 
they lay their eggs. Tlie smallest paddle fish ever caught was about 
five-eighths of an inch long and at this site did not yet have a paddle. 
It is believed that Uie fish spawns in the main channels of large riven 
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in the Mississippi system. Sexual maturity is reached tvlien Uie fish 
is betu’cen tbhty-mnc and fifiy-fii'e inches in lengtii, Afaximiim Jength 
exceeds six feet and maximum weight 150 pounds. The flesh of Uie 
paddle fish is usually smoked, and die eggs are used as caviar. 
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Only tiro species of paddle fish exist today— one in the rivers of 
China, the other in the United Stales. 



Gars and Bowlins— Fresb-Water Savages 


CAU and the bowftns aie ru^cd-looking fishes, ex- 
ticmely fierce and Yoradous in thetr habits. Because of the havoc they 
wTcai. among other living things and beause their Besh is ill-t ast i n g, 
they are most unpopular vdth fishermenu Consersationists point out, 
hovi'eser, that these predatory fiishes ^quently l«p the hordes o£ 
suckers, catfish, and minnows in check, and thus help to maintain the 
balance of nature. 

Although today not many membm of this group esdst — ^tve know of 
only ten spedes of gars and one of the bowfins>-in the remote past 
they were far more numerous. Some of these ancestors lived in Eu- 
rope. but today we do not fiod the bowfin outside the fresh w'aters of 
ilie United States and Canada, and the prs Use only in Xonh and 
Central America and Cuba. Sometimes, however, they stray into 
brackish and salt water. They make up the order ProtospondylL 
The Loognose Gar, Lepboflexis osseiu, with its long, beakllke 
jaws bearing strong, conical teeth ihroughoui their length, is a prime 
example of a fish that preys on other fishes. Stealthily it glides 
alongside a prospective vkiim and with a sudden swift, $ides\-ard snap, 
securely impales the fish on its needle-sharp teeth. Usually the prey is 
caught crosswise, but it is esentually juggled around so that its head 
points toward the gar’s mouth and is then swallowed whole. Feeding 
is often done at night. In many places gars are considered a serious 
menace to food, game, and forage fishes, but ihb has been proved 
true in only a limited number of cases. 

On the other hand, longnosc gaix Utemselves seem well protected 
against their enemies by the havy, diamond-shaped scales that cmer 
their body like a coat of maiL So hard they an mm the sharpest 
knife, these sales arc of a type commonly found on ancient 
14=3 
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but absent among tlie more recently evolved, streamlined, fast-swim- 
ming species and their descendants. AUIiotigli the gar's stales arc 
jointed with one another, tlicy do not make a very ITcxible covering, 
and tliis may be one reason why gars are sluggish creatures, rarely 
moving rapidly except while feeding. The body of the longnose 
gar is round and long. The dorsal and anal fins are located just in 
front of the tail. 



Periodically, as the water in which they live becomes foul or too 
warm, gars rise to the surface and take a gulp of air. They spawn in 
shallow tvatcr, usually among tveeds. during the spring. The numer- 
ous eggs are adhesive; a fifty-six-inch female, weighing thirty-two 
pounds, contained 77,150 of them- A maximum length of five feet is 
attained. Longnose gars are widely distributed from Quebec and Ver- 
mont to Florida, and from the Great Lakes, excepting Lake Superior, 
to northern Mexico. 




Tlie Alligator Gar, Lepisostcus jpalula, Irom ilie lower MiwiJ- 
sippi N'allcy and other strcaniJ draining the GuH Coa»t, is the second 
largest fresh-water fish in North America. Tlierc are authentic rec- 
ords ol specimens mote than nine feet long and unconfirmed ones of 
twehe and fourteen feet. One female tltat seas nine feet, eight and 
one-half inches in length, weighed jo* pounds. 

The Bowfm, Amia colva, represents the last living survivor of a 
group of fishes that was relatively abundant in the geological past in 
Europe and North America. Now found only in fresh waters from 
Vermont to Florida and the Great flakes to Texas, the bowfm holds 
its own very well with numerous fishes of more recent origin. In fact, 
it is often considered a scourge o! such "modem” gamefishes as Ims 
and perch, just as are those other "Hvlng fossils,” the gars. 

Cowfins feed on fishes of all sorts and on crajfish and raollusks as 
well. Their strong, sharp-toothed jaws enable tliem to atuck quite 
large fish. Even small birds sometimes fall vinims to their voracious 
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appetites. Although they fighi liard when hooked, they have never 
found favor with sportsmen. Nor are Uiey considered a desirable food, 
except in a fetv scattered localities. They rcacli lengths of over two 
feet and weights of more than ten pounds, females being larger than 
males. 

The stocky body of the bowlin is round in cross-section and covered 
with dark olive scales, shading to lighter underneath. During the 
breeding season, the pectoral, pelvic, and anal fins of the males be- 
come bright green, hlales also show a large black spot at the upper 
base of the tail fin. 

The male bowfin prepares a nest in late spring by clearing a space 
among the plants and making a small depression in the bottom, where 
the female lays large numbers of eggs, between one-sixteenth and one- 
eighth of an inch in diameter. These are adhesive and become at- 
tached to plants and rootlets within and sunovnding the nest. The 
male guards the eggs until they hatch, that is, from four to fourteen 
days, depending on die temperature. For the first few days, the newly 
hatched fish attach themselves by means of a sucking disk to the 
plants or bottom. After that they become free-swimming, and are 
herded about in a school by the male, who still bravely protects them 
for a month or more, sometimes until they are three or four inches 
long. 

Bowfins have gills of unusual microscopic structure that are thought 
to aid them in breathing when in foul waters. They also can breathe 
air by taking a gulp at the surface and passing the gas into the special- 
ized air bladder. 




Oiir IMost Iiiiporlanl Fishes— Herring, 
Salmon, Pike, and Their Relatives 


Ijconomically, this is our most valuable group of fishes 
• — it provides us tviih about twenty million tons of commercial fish 
each year. In this tremendous assemblage we find all the herring* 
liVe forms, the salmons and the trouu and their relatives, the piVe and 
pickerels, and a host of other spedcs. They inhabit both fresh and salt 
waters of all the oceans and the comments, from the Aroic and the 
Antarctic to the Equator, and from the depths of die sea to high moun* 
tain streams. 

The nvo families m«t important to our commerce are the her* 
ring, shad, and sardines (Ctupeidae) and the salmon and trout (Sal* 
monidae). In fact, the herrings and their relatives rank first in eco- 
nomic impoTiance among all the families of fishes. They occur in 
all seas, and include more than 150 diderent species. Some of them 
enter Fresh water, frequently to spawn. A few live only in fresh wa- 
ter. hut the majority never leave the sea. 

The salmon and trout were originally found only in the fresh and 
salt ivatcrs of Uie Northern Hemisphere, none naturally dwelling 
further south ilian California, Georgia. Spain, the Caspian Sea, and 
the Kamchatka Peninsula. Man, howe\-cr, has introduced them into 
suitable waters over much of the world. They either live their entire 
life in fresh water or spend part of it in the sea, returning to fresh sva- 
ter to spawn. As many as one hundred species have been listed, but the 
artual number is considerably less dian this. 

Tlie pike, ilie mnskellongc, and the three species of pickerels 
(family Esocidae) are all native to the fresh waters of North America, 
with the pike also found in Europe and Asia. There are three or four 
species of American mudiainnows and a single European one; they 
!«3 
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arc frcsli-watcr forms and arc generally classiBcd as a single family 
(Umbridae). 

Among tlie other rvcH-lnotvn fisbes — and Jiere ivc are imwiering 
only a few names from the greai Onny legions of this order — are the 
tarpons and ten-pounden, the bonefish, the pirarucu, the milkfish, 
the whUchshes and ciscos, die grayling, the smelt, and the Alaska 
blackfish. 

Although many of these fishes arc highly specialized and of rela- 
tively recent evolution, the group (order Isospondyli, a name mean- 
ing "equal vertebrae") as a whole is not advanced, and contains 
some of the most primitive of bony fishes. \Vc identify its members 
by the lack of spines in the fins and by the fact that tJie pelvic fins (if 
the fishes have them), are located toivard the rear of the body. Scien- 
tists identify these fishes mostly by the structure of the skull and up- 
per jaw. 

Tlie Tarpon, Tarpon allanticus, has become a famous gamefish be- 
came of its fighting qualities and leaping powers. Since its flesh is 
often coarse and bitter, it is seldom eaten and therefore is not of 
commercial importance as a foodfish. Tite largest tarpon ever caught 
by means of tackle weighed 247 pounds and was almost seven and 
one-half feet long. It is known, however, that the tarpon sometimes 
reaches weights of three hundred pounds and lengths of nearly eight 
feet. 

Tarpon are handsome, silvery fish with large shiny scales, a promi- 
nent mouth, and a long fine extension of the rear portion of the dorsal 
fin. Tlicy are inhabitants of the tropica! Atlantic Ocean, normally 
not far from shore. They are frequently found in brackish waters, far 
up tropical rivers, and in lakes. Evidently tarpon can live for years in 
fresh tvater. They usually range from Florida and the Gulf Coast to 
Brazil, but straggle as far north as Nova Scotia. They frequent the 
west coast of Africa and arc common in the West Indies, but rare in 
Bermuda. 

Very fesv data svere available on the tarpon’s life iiistory until the 
Netv i'orfc Aquan'am, in tgjS, esCab/irfred a Jairorafory on the west 
coast of Florida, in the heart of tarpon country, to study this fish. We 
now know that tarpon mature when about seven years old and four 
feet long, and that their numerous eggs are undoubtedly laid in open 
waters and sink to the bottom, and tluit very young tarpon go through 
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a number of diSercni stages before they assume a typical tarpon-like 
appearance. It was also discovered that the characteristic habit of 
“Tollin''.” in which tarpon break, the water surface, is for the purpose 
of obuining atmospheric air, u-hich is stored in the Bsh’s air bladder. 
Despite their large, well de\-eloped gills, tarpon die if denied access 
to the surface es en though kept in pure, rapidly Bowing seawater. 
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A smaller species of tarpon lives in tlic Indian Ocean and western 
Pacific. It. too, often cnien rivers and remains for consiueiable 
lengths of time in fresh water. 

The Bonefish, /fl^ula tmlpes, grows by shrinking! For some time 
during its early deselopmeni this fish looks entirely different from the 
adult, being tTansparcni, long, and very compressed, that is, ex- 
tremely thin from side to side. At this stage it is called a “leptoceph- 
alus bna." After reaching a length of about three and one-half 
inches, it begins a remarkable tianiformation. The fish aaually 
shrinks in size — as mucli as tbree-fourihi of an inch in four days. 
Meanwhile, its ribbon-like body gradually takes on the cylindrical, 
upering sliape of the adult bonefish and also acquires some of the 
siher coloring for wliiclj the spedes is famous. Its fins move into their 
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final positions, and its head assumes the usual boncfish shape, with a 
characteristic piglike snout overlianpng the sjnall mouth. During this 
process of growth the fish shrinks to less than onc-third of its former 
lengtJi. 

After taking on the typical form of an adult, the young one-inch 
bonefish begins to grow in the usual fashion. It generally readies a 
weight between two and five pounds, but can grow much larger. The 
record bonefish ever caught wiili fishing tackle sveighed sixteen 
pounds and was thirty-eight inches long. Like its distant relative, the 
tarpon, tlie bonefisii is a great fighter ivhen hooked and is liighly es- 
teemed as a gamefish. 

■ Although adult bonefish travel in small groups or are solitary, the 
young are often found in sizable schools. They frequently come in 
with the tide to feed on mud flats. Burying their snouts in the soft 
bottom, they search for mollusks and crustaceans which they crush 
with their blunt teeth. Sometimes the water is so shallow that their 
silvery tails project above the surface as tliey grub for food. Adults 
also feed in this manner. 

Bonefish have been found in tropical seas and inlets throughout 
the world. On Uie Atlantic coast of North America they occur as far 
north as Cape Cod, but are not numerous north of Florida. On the 
Pacific coast they have been taken as far north as Monterey, but seem 
to be noivhere common. 

The Atlantic Herring, Clupea harengas, is one of the most numerous 
of all of the backboned animals on earth. A single gigantic school, or 
shoal, may contain three billion individuals, and there are undoubt- 
edly scores of such shoals in the North Atlantic. They arc easily cap- 
tured in great numbers with nets and are perhaps the most important 
single foodfish in the world. About three and one-quarter billion 
pounds are caught annually — to be consumed fresh, salted (pickled 
herring), salted-and-smoked (kippmed and red herring), and canned. 

Herring are quite beautiful with their silvery, iridescent sides and 
deep steel-blue backs. They grow to be about seventeen inches long 
and may live for twenty years. TTik is very rare, however, for, before 
they reach an age of ten years, the vast majority of herring are eaten 
by Uie innumerable animals that prey upon them, including other 
fishes, squid, wJiales, and man. 

The food of the herring consists of the small, floating animals that 
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abound in northern seal. Someiimes they feed by simply swimming 
open-mouthed tlirough masses ol these creatures, straining them out 
with their gill-ralm, wliich are numerous, dense, bristle-lihe projec- 
tions in the region oi the gills, ibat act liV.c sies'es. All water entering 
the mouth and csentually pasnng over the gills must pass through 
the gill rakers, leaving behind all but the finest panicles. At other 
times herring chase Kimewhat larger prey, snapping up sndi crea- 
tures one at a time. 

Herring gather into large shoals, more or less inshore, to spawn at 
almost any time oi the year, depending on the panicular locality and 
race of fish involved. .Astronomical numbers of eggs are laid, for 
each Itmale produces about thirty thousand. The eggs are heasicr 
than sea water and adhesive, sinking and sucking to whatever plants, 
stortes, or bottom they happen, to touch. Hatching takes place from 
ten to forty days later, depending on the t emp er a ture; the colder 
the water, the slower the desclopmeni of the fish in the egg. 

The Pacific Herring, Clufxa pallast. Is not as economic^y impor- 
cant as the Atlanuc herring. Somewhat more than one billion pounds 
are caught each year. Its habits are similar to those of the Atlantic 
species. It ipawm in large groups, mostly on Lelp beds and among 
eel grass, from mid-winter to June, depending on the latitude. The 
heasy-, sticky eggs hatch in one to three weeks. 

The Americaa Shad. lose sspidiuime, was once much more abundant 
than it is today. Its life cyde. like the salmon’s, makes it especially 
STilnerable to human mismanagemeni. Each year, hom January to 
July according to the latitude, adult shad leas-e the sea. where they 
have been feeding on small ocean acaiures, and run up the rivers of 
our Atlantic coast to spawn. The males or buck shad weigh from one 
and one-half to six pounds, sthilc the females or roe shad sveigh from 
three and onc-half to eight and. tardy, up to iwelse pounds. They 
select shallow water over pebbly or sandy areas for reproduction. The 
average female lays about ibirty thousand pale pink or amber e^s 
which neither float nor sink, but tcm lightly on the bottom. They 
hatch in six to ten days. The young shad remain in fresh water until 
Oic laJJ. ft-ben nKNvr into bracLuh and, fater. saft water. Their 
parents return to the sea sery soon after egg laying. 

\S'hilc tras eUng up rivers and streams, shad used to be caught wsth 
great nets almost a mile long that someiimes stretched from shore to 
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shore. So many ^\’ere caught that they were used as fertilizer. In this 
tvay whole “runs" n-erc imtloubtedly destroyed. The pollution of 
rivers and tlic erection of dams, destroying the breeding places of the 
shad or preventing the adults from reaching them, are two otlier tvays 
in which man has thoughtlessly destroyed this delicious and valuable 
natural food resource, and is continuing to destroy it. 

In 1871 the shad was introduced into the Pacific coastal waters of 
the United States, where it has now become fairly svell established 
from Southern California to Alaska. 

The Pilchard, Sardtna pilchardus, when young is called the sardine 
and is the object of an important fishery in France, Portugal, and 
Spain. As adults, too, when they are approximately seven inches long, 
pilcliards are fished commercially. They inhabit most of the Mediter- 
ranean Sea and the ivatcrs off the western coast of Europe from North 
Africa to the British Isles. Tl)cy migrate along the coast and arc 
found further north during the suinmcr and autumn. 

Pilchards look somewhat like herring, to which they are quite 
closely related. They lay their floating eggs oflshorc, the lime of 
the year depending on the temperature of the water. Tliis means that 
the further south that the fish are, tlie earlier in the year they spawn. 

The name “sardine" is derived, we believe, from the island of Sar- 
dinia, and goes back to antiquity. 

The California SartUnc, S<irdjnt»ps caerulea, supports one of the 
largest fisheries in the United States. During the 1935-37 fishingseason 
well over one and one-half billion pounds of California sardines 
were taken by the United States and Canada and either canned or 
“reduced," the latter being the process of making oil and meal out of 
the fish. In addition, many hundreds of thousands of pounds were 
used as bait, in fishing for tuna, for example. 

Since that season, however, there has been an alarming decrease 
in the weight of sardines caught, for any given amount of fishing ef- 
fort. To find the cause of the reduced catch and prevent permanent 
damage to the industry, an extensive program of scientific investiga- 
tion has been set up. Tfie object is to find out anything about the 
California sardine that might has'c a bearing on its response to 
heavy, continuous fishing. In effect, this means that practically every- 
thing about tlie sardine’s life history and iu relation to its surround- 
ings must be determined. Consequently, fishery e.xpcrts are now leans- 
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ing many facts about the California sardine— things that ought to be 
Itnown about all economically important hsh and which, unfortu- 
nately, are bno^vn about sery few. 

Caliiomia saidlnes &m spawn \shen they ate two, three, or four 
yean old and from a little more than seven to a little less than ten 
inches long. Spawning taV.es place from laic svintei to early summer, 
principally fifty to two hundred miles off the coast of southern Cali- 
fornia. Each female lays about one hundred thousand eggs. These 
float about on tlie surface for two or three days, when hatching tabes 
place. Adult sardines are rovers, and it is believed that this ten- 
dency soon shows itself in the young. At any rate, schools of sardines, 
great and small, make extensive and complicated migrations that in- 
vestigators arc only beginning to understand. In their travels, these 
fish range all the way from southeastern Alaska to the southern 
tip of Baja California, but they apparently spend more time in 
Chlifomia waters than anywhere else. 

Like its relative the pildiard, the California sardine feeds on mi- 
nute floating planu and animals, which it strains out of the sea by 
means of a sievelike structure near the gills. 

The Menhaden. DrevcorliA lyrannus, is today the basis of the largest 
single fishery in the United Sutes. Between 800 and 900 million 
pounds are uVen of! the .Atlantic and CiiH coasts each year, mostly by 
special boats equipped with purse seines (long, flat nets with a draw- 
string to close the bottom after a slioal of fish is encircled). This 
means ifiat well oscr a billion tnenludcn arc captured each year. 

Thu great fishery provides scry little food for man. although the 
roc of ilie menhaden U very similar to that of the American shad, and 
a few base been canned. By far die greatest part of the catch is "re- 
duced." that is, comerted into fish meal (used in hog, cattle, and 
poultry feeds), oil (used in soaps, paints, insecticides, and in many 
other industries), and fenilurr. In all. there arc five different spe- 
cies of menhaden, but diis species is the one most common off the 
northeastern coast. 

Mcnluden feed principally on the myTuds of microscopic plants 
found Coating near the surface erf the sea, which they filter out of the 
vrater with their fine, sieve-like gill apparatus. They swim dirough 
the water with open mouths, and it has been estimated that as much 
as seven gallons pass into their mouths and out past their gilb each 
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minute. The average Icnglfi of the menhaden is about one foot and 
liiey seldom exceed fifteen inches. They lay floating eggs. In the 
vicinity of New York, the peak of the spawning season is in May 
and June. 

The European Ancho\'y, Ettgraulis ettCTOsichohis, is best known to 
Americans as a canned delicacy — after its tender, oily flesh has been 
processed into filets or into paste. It is a common fish in the Medt* 
icrranean Sea and on the western coast of Europe from North Africa 
to Nonvay, where it migrates, with the change of season, in large 
schools, ft spawns during the spring and summer, laying floating eggs 
that hatch in a few days. Like the eggs of most anchovies, these are 
ellipsoidal (longer than wide or tliick) in shape. Tlic vast majority of 
floating fish eggs arc spherical, but no one Jias yet advanced any rea- 
son why anchovy eggs should not conform to the general rule. 

The various anchoWes arc small, flesh-eating fishes that, as a rule, 
live in schools, more or less near shore in temperate and tropical seas 
over most of the world. They somewhat resemble herring in their 
body shape and silvery color but differ in having a short snout in front 
of large eyes, and a receding lower jaw that seems to fit inside the 
upper one, giving the fish a peculiar “chinless” look. In South 
America especially, anchovies ascend streams, and some may live 
permanently in fresh water. 

Nearly ninety New World species have been described: there are 
undoubtedly quite a number that live in the Old World. Of the sev- 
eral American anchovies only the Pacific Anchovy, Engraulis mordax, 
is utilized to any extent for food, and the greater part of the catcli of 
this species is used as bait rather than for human consumption. The 
Pacific anchovy ranges from Baja California to British Columbia. It 
groivs to a length of about seven incJies. 

The Milkfish, Chanoi chanos, is prized tor food through much of the 
Orient, where it is the most valuable of all the fishes cultivated in 
ponds, being especially important in Java and the Philippines. Al- 
though it is normally found only in salt or brackish water, it does 
very well in fresh, and can be reared fn bodt sale- and fnrj/i-wacer 
ponds. At certain seasons of the year, tremendous numbers of milkfish 
fry appear along the coast. They are scooped out and planted in 
ponds, where they put on size rapidly, growing as much as twenty 
inches within one year. 
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Little or nothing is known about the spawning habits of milkriili. 
for they nc%cr reproduce in captivity. Xltw docs not limit the useful- 
ness of the hsh. Iiowcscr, since there is always an abundant supply 
of fresh stock to be obtained from nature, ^!ilkf^sll arc quite widely 
distributed in shallow water from the Red Sea and east coast e f 
Africa, through the Indian Ocean and East Indies, to southern Japan. 
Netv South Wales, Hawaii, and the Pacific coast of Mexico. 

The milkfish has a slender body with a smaU bead and a large, 
widely forked tail. It is colored a brilliant, metallic, silvery blue or 
green above, siher along its sides, and white below. It has no teeth 
and feeds on liny plants and animals svhicb it strains out of die sotcr 
with a special accessoiy gill apparatus. A swift, powerful swimmer, the 
milk&sh can leap more than twenty feet in the .air. .Vdults range from 
about tsventy-cight to sixty inches in length. 

The Piranicu, Arapeina gigta, is the most important foodfisb of the 
Amazon River, ft is usually speared or harpooned and its flesh cut 
into lliin slabs to be dried in the sun. It is probably the largest fresh- 
water fish in South America, but authorities disagree on the maxi- 
mum size it may attain, some claiming fifteen feet and four hundred 
pounds, other twelve feet and three hundred pounds, and still others 
only ses'cn feci. Undoubtedly the first of these estimates is too gener- 
ous; no recently caught example has exceeded eight fecL Today the 
largest spedraens fished are seldom more than five feet long or weigh 
more than 175 pounds. 

The pirarucu has a shape all of its own. Ii has a somewhat cylindri- 
cal body and a rather small. Ilauencd head. Tlic mouth, however, is 
quite large. Dorsal and anal fins are located far to the rear, almost 
surrounding the small rounded tail fin. The body is covered with very 
large scales, colored olive green toward the front of the fish and gradu- 
ally becoming more and more tinged with scarlet toward the rear, 
until they are quite red near the tail. 

The range of the pirarucu includes much of the Amazon Basin and 
British Guiana. The fish is an air-breather and drowns if kept under 
water. It constructs a nest and cares for its eggs and young. Because of 
a shortage of these valuable fish, the Brazilian government under- 
taken experiments in growing the pirarucu in ponds. 

The Atlanric Salmon. Safmo salar, probably has been studied more 
than any other fish, but there are sifll many things not understood 
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about it. For example, no one can yet explain how salmon manage 
to return to the same river, ex'en the identical tributary, in whicli 
they were hatched — after spending years out in the trackless ocean. 
That they do this has been demonstrated by tagging or othenvise 
marking young fish and then catching them again years later, in the 
same stream. Occasionally "stray” salmon turn up in other river sys- 
tems, but they usually go back to their so-called "parent stream" to 
spatvn. This behavior is not inherited, for, if salmon still within the 
egg are transplanted from one stream to another, they will in later 
life return to the river in which they were hatclied, not to the one in 
which their parents lived. Just xvhat "landmarks" enable tlie fish to 
“recognize” any particular stream are still a mystery, as well as how 
the fish can "remember" them for several years. 

The migrations of the Atlantic salmon are sotnetiroes very exten- 
sive. While in the sea, they may travel as far as fifteen hundred miles 
to feeding grounds, and their journey upstream may be several hun- 
dred miles long, as in the Rhine River. During sea migrations, their 
sustained rate of speed has been calculated to be as high as forty-five 
or even sixty miles a day. Many Atlantic salmon migrations are rel- 
atively short, however, including most of those made on the Atlantic 
coast of North America. In some places the fish spends its whole life 
in fresh water, migrating from lakes into streams. These Atlantk 
salmon are called “landlocked.” 

The age at which the Atlantic salmon returns to spawn varies from 
one to five years. The largest individuals weigh about twenty pounds, 
although there are some records of rare fish that tip the scales at 
eighty pounds or more. As the fish become ripe (sexually mature}, 
they lose their sleek, steel-blue and silvery colors and become a dull, 
reddish broivn. Tlic males often develop grotesque, hooked jasvs- so 
distorted that they cannot completely close their mouths. Tlie rea- 
son for these changes is unknown. As a rule, salmon do not feed once 
they have entered fresh svater. Tliis may mean going practically a 
whole year without food in those instances where a very long river 
trip is involved. Occasionally they wll eat, hosvever, and will strike at 
fffifermen's flics. 

Upon reaching the spawning area, the female Atlantic salmon be- 
gins to construct her nest or redd. She lies on her side, strongly arches 
her back and xviih her tail beats the gravelly bottom. This, together 
with the rather strong current, causes small stones, gravel, and sand to 




1412 HERRlNO. SKUtOS, PIKE. ANH TlltIR RE1ATI\XS 


rise off the bottom and be carrietl some dUtance dowmtrcam. Over and 
over again the fcmaJc beats the stteam bottom, at intervals toting the 
depression she has made by sinVing into it s»lth extended anal f«n. 
As the redd becomes deeper, the male begins to court the female by 
entering it with her. He has svon this tight by driving off other males 
and may have to cominue doing so throughout the sjuwning. Digging 
the mid sometimes tabes several days, but at last. s*lien it is from six 
to twelve indies deep, the female signifies that she is ready to spawn, 
the nulc immediately comes to her side, and the eggs are laid and 
fertilized. After laying a batch of eggs, the female qiiicbly moves up- 
stream a fool or two and once more lying on her side, stirs up the bot- 
tom so vigorously with her tail that the eggs are covered by divpUcctl 
gravel in less than a minute. Now the female is ready to complete 
another seaion of her redd to hold the next liaich of eggs. TJius she 
may progressively move upstream until finally all her eggs have been 
laid. 

Is it any wonder that many Ailamie ulmon do not survive this 
arduous business of perpetuating the race? Few live to spawn a second 
time, and those that do almost mvarubty spawn in streams in which 
the journey from the sea is not very long. An Atlantic salmon that has 
spawned four limes is extraordinary. Such a fish would be at least 
twelve yean old. having spent two or three years in the sea between 
each spawning migration. Landlocked .\ilantic salmon apparently sur- 
vive spawning more often than do thovc toming from the sex 

On the noTiheasteni coast of North America. Atlantic salmon spawn 
in the fall. The eggs do not hatch until five or six months later, that is. 
until April or early May. ^oung salmon may live for three years in 
fresh water before going to sea; in sorne places they may stay in 
streams for five or six years. Alter reaching the ocean, they grov»- very 
rapidly on the fish and shellfish they find there. At this time they lay 
down stores of fat that will enable them to dispense with eating dur- 
ing spawning and the migration associated v» ith it. 

The Atlantic salmon is native to the coast of Europe from the 
northern part of Norway to the northern part of Spain and as far east 
as the Caspian Sex On western Atlantic shores it once existed from 
Delaware northward. It Isas been exiermiaatetL however, in all 
the streams of the United States except a vrry few in Maine. Although 
salmon have been reported able to negotiate natural barriers eight- 
een feet high, man-made danu. locks, and other obstruaions. to- 
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gether with pollution and the destniction of suitable spawning beds, 
have proved too mucJi for this ma^ificent fish. 

The Rainbosv Trout, Salmo gatrdneri, has confused scientists and Jay- 
men alike for many years. The pToblcm has been: 'When U a rainbow 
not a rainbow? Tlie principal controversy concerned the trout known 
as "steelhead.*’ These resemble rainbow trout, but are colored quite 
differently, being silver)- tvith a bluish head and back, instead of 
greenish wiili a reddish gill cover and lateral stripe. It is now gen- 
erally agreed that steelhead trout are merely sea-going rainbows, or, 
to put it another way, that rainbow trout arc "landlocked” steelheads. 
In a few places, however, rainbow trout have been found to assume 
the steelhead coloration while remaining in fresh water. But there are 
several other types of rainbow-like fish whose status is still in doubt. 
Some ichthyologists hold that the Shasta trout, the Kamloops trout, 
the Kern River trout and others are all separate species. They are 
believed to be only geographical varieties, that is, subspecies, by other 
scientists, and a few of them are considered by certain experts to be 
not enough different to require a special name. At any rate, it is 
agreed that all of tliem are closely related to one another. 

These trouts originally ocairred only on the West Coast of the 
United States, from southern California to southeastern Alaska. Rain- 
bows now exist all over the world, however, having been widely in- 
troduced into suitable lakes and streams ivbere sportsmen have 
wanted to fish for this gamy species. They are at present found 
throughout the northern United Slates and Canada, and they have 
been successfully transplanted to Europe and the British Isles. Argen- 
tina, Qiilc, Veneruela, South Africa, East Africa, Madagascar, Mauri- 
tins, India, Ceylon, Australia, Nesv Zealand, Tasmania, Hawaii, and 
Panama. One of the reasons why rainbow trout have been estab- 
lished in so many faraway lands is that their eggs can be transported 
long distances. If kept cold, moist, and free from jarring, they will 
stay alive for many weeks, developing so slowly that there is ample 
time to make long trips with tliem before Uiey hatch. For ex- 
ample. rainbows were first introduced into New Zealand through a 
shipment of eggs from California in 1877 — long before air express. 

In fact, rainbow trout respond svell to all phases of artificial culture. 
The eggs are gathered by "stripping,” a process in whicli the ripe 
females are carefully taken out of water and freed of their eggs by 
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gentle pressure. The eggs are then fertilued svith mtU (the prod- 
uct of the male reproductive glands) collected from ripe males. They 
are allowed to develop in carefully watched trays bathed in cold run- 
ning water. Females ha\e been kept captive for as long as fourteen 
yean, being stripped on ten to twelve occasions during this time. 

Some rainbow trout remain in fresh water all their lives — even 
when they have access to the ocean. Others enter the sea svhen a year 
or more old, taking on the stcclhead coloration. They reitim to their 
"parent stream*' for spawning at an age of three to she years. Spawn- 
ing occurs in svinter or early spring, but steelheads enter streams al- 
most any time of the year, sometimes apparently only to feed. Like 
the Atlantic salmon they may spaivn more than once. Rainbows also 
construct tlieir redds and lay their eggs in almost exactly the same svay 
as do Atlantic salmon. 

The usual adult rainbow uout weighs from two to eight pounds, 
hut thirty-six- to fifcy•two•and•on^bal^pound giants have been re- 
ported. 

The Cutthroat Trout, Salmo clarkt, gets its name from the slash 
o! bright red that it has underneath its lower jaw. It sm once more 
widely distributed through our Far West than it Is today. Fr?rb of 
the main riser systems from Alaska to California seemed to have its 
own particular kind of cutthroat. This trout has now been replaced 
by transplanted species in many places or destroyed by pollution and 
other duiurbances of its natural waters. Wlien rainbow trout are in- 
troduced into cutthroat streams, the two species hybridire. but their 
offspring arc either completely sterile or nearly so. 

Those cutthroat trout that live on the western coast of North 
America often enter the sea when two or three years old, remainin'^ 
there for a year or more before returning to fresh water to spawn. 
Some coastal, and all inland fish of course, spend their tvhole lives in 
fresh w'accr. Coastal fish tend to spawn in the winter and very early 
spring. Those further inland spawn in spring or summer. 

Tlie record sited cuitliroai trout weighed forty-one pounds and tvas 
thirty-seven inches long. In some places, however, mature cutthroats 
rarely exceed, a single pound. 

The Brown Trout, Salma IruHa, can live in wanner waters than 
other trouts. This is one of the reasons it has been so svidely trans- 
planted throughout the world. It occurs naturally in Europe, from 
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Iceland and Nonvay to the Mediterranean, and also in Conica, Sar* 
dinia, and Algeria, and as far east as the Himalayas. It has now been 
transplanted to most o{ the northern United States and to Canada. 
Argentina, South Africa, Ceylon, Australia, Tasmania, and New Zea- 
land. It is not generally considered as fine a gamefisli as other trouts, 
but its hardiness and ability to thrive under conditions unfavorable to 
other species make it a valuable fish. 

There are sea-running races of broivn trout, as tvell as those that 
remain in fresh water at all times. Those that spend part of tlieir lives 
in salt water are quite differently colored from the others, and once 
tvere thought to be a different species. Both kinds spatvn only in fresh 
water, as do all other trout and salmon. 

The eggs of the brown trout are spherical and a little less than one- 
fifth of an inch in diameter. Like the of all trout and salmon, they 

are a little heavier than water and arc slightly adhesive svhcn first 
laid. They would be quickly washed downstream by the rapidly 
flowing current, were it not for the special »).tnner in svhich tJiey are 
laid. The female first digs a hole m the gravelly bottom that is six to 
eight inches deep to receive her eggs. This is the beginning of the 
trout nest, whicli is called a redd. When about to lay her eggs, tlie fe- 
male sinks down to the bottom of the depression she has dug. The 
redd is so placed in relation to the current that the water passing over 
it produces a slight eddy. Therefore the water directly over the bot- 
tom where the eggs arc laid actually moves upstream. This iinex- 
pcclcti state of affairs was discovered by an investigator who placed 
crystals of potassium permanganate (a strongly colored chemical) 
in redds that were being dog by brown trout, and discovered that the 
rcd-staincd water traveled iipsire.ini, against the main ettrrent. This is 
the principal reason svliy the qy;s arc not svashed asvay while they are 
being laid. The eggs stick to the bottom and this also helps prevent 
their being swept downstream. As soon as she has laid a bateft of 
eggs, the female immediately starts to dig a nesv depression slightly 
upstream from the old one and in so doing displaces small stones and 
gravel that drop into the hole and soon cover the eggs completely. 
Safely resting under six to eight inches of clean gravel, the eggs arc 
tvcll protected from egg-caifng fish and other animals and from 
smothering by mud or sill. Here they remain from forty to seventy 
(lays, sshen they hatch. 

llrown trout spassm in the late fall. They may reproduce seven 
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tiroes during their lifetime and undoubtedly can surs'ive more tlian 
seven spawnings. Those that must endure the hardships of an up- 
stream migration from the sea spawn less often than those living 
entirely in fresh water. This spedes often atuins weiglits of about 
seven pounds, but has been tnown to reach thirty-nine and one-half 
pounds. 

The Brook Trout, Salveliniis jontinalis, is one of America’s favorite 
fresh-water gamefish. Its delicious flesh, trim appearance, and bril- 
liant yet not gaudy colors, combined with its wariness and its spunki- 
ness when hooked, make it a flshennan’s dream fish. Unfortunately 
this prince of sportsfish requires pure, cold tvater and so has become 
increasingly scarce as such waters have become more and more rare- 
Brook trout vary greatly in site, depending on the supply of suit- 
able food and perhaps the size of tlie body of svater in which they live. 
In small streams or cold-water ponds the maximum sveight ever at- 
tained may be as little as one or es-en one-half pound. In rivers or 
lakes, hotsever, five-pound specimens may be regularly taken. The 
largest brook trout ever caught wrigbed fourteen and one-half pounds. 

Like most trout and salmon, brook trout cat a s'ariety of foods. In 
some places insects make up more than 90 per cent of their food. 
When this is the case, brook trout rarely exceed nine inches in length. 
Larger individuals feed mostly on other fishes and on crayfish, with 
an occasional frog or salamander, although they continue to eat in- 
sects when available. 

Most brook trout reinam in freshwater all their lives, but on the 
northeastern coast of the United States and Canada some of them mi- 
grate to the sea for short periods. Spawning may take place either in 
flowing streams, quiet spring beds or gravelly shallows in lakes. 
Most other species of trout and salmon depend on the fast Bowing 
current in which they consuuct their nests, or redds, to help them 
move excavated material from the depression in which the eggs arc 
laid, or to help cover up the eggs after spawning. Since brook trout 
can spawn in still waters, their behavior is modified accordingly. Al- 
though digging is apparently done in approximately the same manner 
by both the brook trout and the Adamic salmon, the female brook 
trout covers her eggs with slow sweeps of her body, aaually brushing 
small stones and gravel over the eggs with her anal fin and laiJ. 

Spawning takes place in October, November, and December, and 
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the eggs usually hatch in February. One experimenter subjected cap- 
tive brook trout to gradually decreasing amounts oi light over a pe- 
riod of about a month. He found lliat they became ripe several 
months ahead of the regular spawning season. Tliis indicates that the 
shortening of hours of daylight in the fall is one of the principal 
stimulants to reproduction of the brook trout in nature. Brook 
trout have been crossed with brown trout in hatcheries: the hybrids 
are hardy, handsome fish, but apparently completely sterile. 

Brook trout are native to eastern North America from Labrador 
to Georgia, and do not occur naturally svest of the Mississippi ex- 
cept in parts of Iowa and Minnesota. They have now been introduced 
throughout the western United States and the provinces of ^nada, 
and into parts of Europe. Argentina, and New Zealand. They be- 
long to the group of trout known as chars, which in general are smaller 
than other trout, have a somewhat different arrangement of teeth 
from them, and possess smaller scales. As with all other trout and also 
the salmons, the natural home of the chars is in the fresh and salt 
waters of the northern part of the Northern Hemisphere. 


The Lake Trout, Salvelinus nanutycush, is the largest of all the trouts, 
and only one of the species of salmon equals or exceeds it m sire. In- 
dividuals weighing twenty pounds are fairly common. The biggest 
specimen ever taken with rod and line weighed sixtyiliree pounds 
and was forty-seven and one-half inches long, but lake trout weighing 
about one hundred pounds have been caught commercially either 
with nets or set-lines. • , c t. i. 

Man ha, extended the lange oC this game and eommere.al fish by 
transplantation so that it is now found both west and south of lU 
former natural boundaries. In addition to lakes in northern United 
States, Canada, and Alaska, lakes in Califomia, the Paclfie North- 
west, Peru. Bolivia, and New Zealand today harbor lake trout that 
were originally put there by man. 

Lake trout often inhabit depths of eight hundred feet or more in 
latger lakes, but spatm during the fall on gotvel-covered 
in relatively shallow water. No nest or redd is constructed, althoi gh 
a common spasming area is cleaned by a number of fish, mostly males 
No pairing mkes place, and a, many as Utree females and s'"" 
may pres, together, spawning as a gnsup. In captivity they have 
lived as long as twenty-four vears. 
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There are about thirty-five different species of whitefishes and their 
close relatives, the ciscos and tullibees. Tliey are found around the 
polar regions, in the salt svaiers of the extreme north, and in the 
fresh ss'aters of northern Europe, Asia, and North America. 

The American Smelt, Oimerui mordax, usually spends most of its 
life in the sea, coming into fresh water only to spatm. There are, hotv- 
ever, a number of places in which it is landlocked, that is, in which it 
has no access to the ocean and therefore spends its whole life in fresh 
water. It occurs naturally on the Atlantic coast from Labrador to Netv 
York and in the St, Lawetice River, Lake Champlain, Lake Ontario, 
and their associated streams. About igte it was introduced into the 
other Great Lakes, where it gradually became more and more 
abundanL At first it was thought that the smelt svould eventually out- 
strip most of the native fishes and become a pest, and its exact effect 
on fishes like lake trout is still debated. After the smelt had increased 
sufficiently, however, a s'aluable fishery developed, and many millions 
of pounds svere taken both by commercial and sporu fiisheTmen. Then 
in the early i^io’s almost all the smelt in the upper Great Lakes dJs* 
appeared. The reason Cor thb remains a mystery, although there is a 
little evidence that some epidemic disease was responsible. Today, ap- 
parently. the smelt Is slowly coming back. 

American smelt are caught in a variety of ways: by book and line, 
by dipping with hand-nets while they proceed upstream to spawn, by 
gill nets, and with special nets set under the ice. Smelt may attain a 
size of somewhat more than a foot, but most adults are considerably 
smaller. 

Spasming takes place in very early spring, sometimes just after ice 
has left the water. Smelt that have been living in salt water do not go 
far upstream, es'cn spaw-ning in slightly salty water in certain in- 
stances. Those that live permanently in fresh water spais-n in small 
streams or the shallow parts of lakes. During egg laying a single fe- 
male is generally attended by several males. The eggs are sticky when 
first laid and adhere to any aquatic plants, sticks, stone, or gras el that 
they touch. 

In all, there are roughly a dozen specie of smelt and their rela- 
tive. the capelin and eulachon. inhabiting the northern seas around 
Asia, S<3ndinavia, and Alaska. 
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Tlie Atlantic Capelin, Maltotus villosus, runs onto beaches out of 
water to spatvn. During the late spring, schools of capelin gather just 
beyond the waves breaking on gravelly beacltes. Tliere, the males seek 
out the females, each one attaching himself to the side of his prospec- 
tive mate, or two males flanking a sin^e female on either side. To- 
gether they srvim vigorously toward shore just ahead of an incoming 
wave. As tliey settle on the beach, they scoop out a small hollow with 
rapid strokes of their tails, and then the eggs are laid and fertilized. 
The spawning act takes only a few seconds and may be completed in 
time for the fish, by paddling furiously totvard the deeper water, to 
ride the same wave back out to sea, or they may have to wail for the 
succeeding one. 

Male capelin are slightly larger than females and have longer 
pectoral fins. During the reproductive season they exhibit along their 
sides two rows of pointed scales covered with thickened skin. It is by 
means of these ridges that the males are able to cling to the females 
during spawning. 

The average female capelin lays about Utirty thousand eggs. These 
eggs, each about one thirty-second of an inch in diameter, are ad- 
hesive and become attached to bits of sand or gravel. Most of them 
are probably buried in the gravel of ilie beach by the action of the 
waves, but a good many are washed to sea or eventually exposed to 
sun and air. In the water, they are eaten by winter flounders and 
other fishes, including capelin themselves, and on dry land they are 
destroyed by maggots, drying out, and high temperatures. Tliose eggs 
that arc properly protected liatch in two weeks to a month, depend- 
ing on tlie temperature. Capelin also spawn in water somewhat off- 
shore, generally laying their eggs over sandy bottoms. 

Spawning capelin average about seven inches long. Their maxi- 
mum length is about nine inches, and they ordinarily live to be from 
five to seven years old. They feed on small creatures floating in the 
sea. Capelin habitually live out in the ocean, coming inshore only 
during the spatvning season. In their migrations they are followed by 
laigc numbers of Atlantic cod. which sometimes pursue them al- 
VSMS5V onto the beaches. Not ouly do cod teed votacioosly upon them, 
but Atlantic salmon and other fishes, as well as seals and sea-birds, 
live largely upon capelin at certain times of the year. 

In Newfoundland, the capelin is taken in great numbers during the 
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spawning season. Sailed and dried, smoVcd. fresh, or froien, it is used 
for human consumption. It is also used fresh for cod bait, and large 
amounts are employed as fertiUzer. The fish is also of economic itn- 
porunce in Tinland and other countries where spawning runs take 
place. 

Tlie capelin inhabits the north Atlantic and Arctic Occam from 
Hudson's Bay to Scandinas'ia. It occun as £sr south as the coast of 
Xfaine, but rarely spaivns there. The closely related Pacific Capelin, 
Malloliis catervarius, is found in the north Pacific and Arctic Occam 
as far south in the east as the sute of Washington. 

The Pike, Esox fua'iu, often lies in wait for its prey, and when some 
unsuspecting fish swims by its sveedy lair, it d^hes out with split* 
second speed to snap it up. Sometimes, imtead of lying in wait, it 
stalks its prey, the stealthy approach being followed by the same 
death-dealing ^rint TTi« pike's great voradty Is well known; fishes 
large and small, frogs, snakes, oayfish, and even birds and jnamouls 
have been found in its stomach. Small specimens feed on crmtaceans, 
worms, and insea larvae. They become principally fish-eaters when 
they grosN' up- Pikes comume an enormous amount of food in the 
course of a year. 

TTie long, sturdy body of the pike is usually olive or greenish gray 
with light yellow spots on the sides, shading into the whitish or 
yellowish belly. Younger specimens are marked with light bars rather 
than spots. A greenish, silvery v^ety of pike showing no pattern at 
all has recently appeared in Minnesota waters. The pointed jaws of 
the pike are lined with numerous sharp teeth. Although teeth that are 
broken off or worn dot»-n are replaced, the idea that the fish sheds its 
teeth regularly each summer has definitely been proved untrue. As in 
many spedo of fishes that catch their prey by mat-m -T short dashes, 
the donal and anal fim arc located towards the rear, near the tail. 

Pikes are found throughout the Northern Hemisphere in Europe 
(excepting Spain and Ponugal). northern Asia, and in North America 
south to British Columbia. Montana, Nebraska, Missouri, the Ohio 
valley, and New York. They prefer t^uiet, weedy waters. The record 
pile caught by Todand-rcti weighed forty.4ix pounds, two ounces, 
and was fifty-two and one-half inches long. Sperimem wei^hin» more 
than fifty pounds are known. Pikes are most frequcniJy uken 
by iToUing, that u, fishing with a hook that is drawn alon^ or through 


HERRING, SALMON. PIKE. AND THEIR RELAT1\'ES 1453 


llic water, but they may also be still-Rshcd with live bait. In winter 
they arc hiTcd, then speared through the ice. Besides being a highly 
esteemed gamefish, the pike is a foodfish ot minor importance. 

Soon after the ice melts in early spring tlie pike spawns. Numerous 
barely adhesive eggs, licavier than tvater and not quite three-sixteenths 
of an inch in diameter are laid, usually among plants or decaying 
vegetation. Spawning generally occun in shallow water during day- 
ligljt hours, eadi female being accompanied by one, two or three 
males. Hatching occurs in one to four weeks, depending on the tem- 
perature. Hybrids between the pike and the muskellunge and the 
chain pickerel are found in nature, undoubtedly resulting from the 
fact that they may sometimes carry on their reproductive activities in 
the same area at the same time. 

The hfuskellunge. Esox masquinongy, is one of the prize gamefish of 
North America. It attains a weight of over one hundred pounds, and 
specimens sveighing more than fifty pounds are caught every year. 
The official record fish caught by means of angler's tackle weighed 
sixty-four and one-half pounds and was fifty-eight inches long. Like 
the pike, the muskellunge is a savage fighter. 

The muskellunge is often confused with the pike, but can usually 
be distinguished by its lack of scales below the level of the eye on both 
the lower cheeks and gill<over5. The pike lacks them only on the 
gtll<ovcrs, its cheeks being fully scaled. The scales on the body of 
the muskellunge are also rclati%'cly smaller than those on the pike; the 
sensory pores under the lower jaw arc smaller and more numerous; 
and the number of rays under Uic gill-coven is greater. There are 
.also didercnccs in color pattern and in sliapc of head and body, but 
these are less pronounced and liable to be misleading. In general, 
however, muskellunge tend to be darker than pike and to carry dark 
spots or bars rather than light ones. 

Fully as voracious as the pike, the muskellunge leads the same sort 
of life. It generally prefen somewhat colder and deeper waten, how- 
ever, and tends to be more solitary in habit. It spawns a little later 
than does the pike, and in open waters, rather than among weeds. 
Goth species' spawning areas and seasons overlap sometimes, which 
explains the presence of natural hybrids between the two. Muskcl- 
lunge can grow very fast: when only two months old they may be six 
inches long. Such specimens eat ten to fifteen minnows cscry day. 
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The Central MudmJnnow, Umbra Umt, makes out well even under 
die worst ot living conditions. It can exist in stagnant pools, and. if 
these dry up. it burrows into die mud and awaits the return of water. 
Neidier high nor low temperatures greatly inconvenience it; it is 
often die only species of fish to survhe a very ses'cre freeze. In fact, it 
frequently is the only Esh ever to be found in the sliallou’, muddy 
ponds, swamps, and bog-p>ooU it inhabits. Mudminnows arc also 
found in more favorable surroundings, most often among plants and 
over muddy bottoms. 

Mudminnows eat a great variety of small objects, both animal and 
vegetable, living and dead, although they arc principally flesh eaters. 
They are small fish, seldom exceeding four indies in length. At first 
glance they appear to be a drab dark brown, but dose examination 
reveals a rather aitracdve molded panem. 

It is the female mudrainnow who takes care of the nest and eggs, 
guarding them and carefully picking out and devouring any that do 
not develop, fn all other North American fishes that build nests, it is 
the male svho keeps house, although in a fesv of the catfishes both 
parents may share that task. Spaivning takes place in the spring. 

The central mudminnow ranges through the Great Lakes region, 
east to Lake Champlain and south to Tennessee and has been trans- 
planted to parts of nonhwestetn Europe. Another closely related spe- 
cies of mudminnow is found along the Adamic Coast. 


aiinno^vs, Cliaracins, Calfishes, and 
Their Rela tires 


Liie buix of our ftesh.water fishes — the creatures that 
throng the lakes and streams of the world— are members of this 
great group. The minnows, characins, catfishes. and all their modey 
array of relauves comprise it— they total perhaps five thousand differ- 



MINNOWS. CVTnSHES. AND THEIR REL-VTIVES 1455 


ent species, all told. Among them we find dtvarfs as well as giants, and 
mxximuin size ranges from a scant one inch to as much as ten feet. 

One might well be puzzled by the meaning of the scientific name of 
the group: “little bones-bladder” (order Ostariophysi). But it does de- 
scribe the outstanding feature of all of the fishes in this order: the 
Weberian apparatus, a chain of small bones which connect the fish’s 
inner ear with its air bladder. AVc suppose these help it to detect 
movements, sounds, and clianges in pressure. 

Three main groups of fishes arc included in this group: the first 
made up of the suckers and buffalo fishes (family Catostomidae), the 
minnows, carps, barbs, etc. (Cyprinldac), and the loadies and sveather 
fish (Cobitidae); in the second tve place the tetras, piranhas, hatchet 
fishes, etc, (Charaddae) and their relatives, indiiding the electric 
eel and other gymnotid eels (Gymnoiitlae); and the third is com- 
posed of the dozen or more families of catfishes. 

The suckers are mostly from North Am«-lca. with only two species 
found in Asia. Tlie cyprinids hail from Asia, Europe, North America, 
and Africa. Loaches inhabit Asia. Europe, and nortliem Africa. The 
characins range from Texas through Central America and most of 
South America, and are well knosvn in Africa; while the gymnotid eels 
are found only in South and Central America. Unlike the other 
groups, the catfishes are found in both salt and fresh svaters. About 
two thousand species of them occur in svarm salt and brackish waters 
all over the world, and in the streams and lakes of every continent. 

The characins are a most varied group — tve find them ranging in 
size from one-inch midgets to six-foot monsters, and from inoffensive 
vegetarians to voracious fiesh-eaters, such as Uie piranhas and the Go- 
liath Tiger Fish, Hydrocyon goliath, of tropical Africa, which is the 
Urg;cst of all the characins. Some characins are shaped like minnotvs, 
some like darters, pikes, or snakeheads, and many have contours dif- 
ferent Irom any other fish. A number of the smaller, brightly colored 
species are popular tvith tropical fish fanciers. Most species lay small, 
more or less adhesive eggs, and show no parental care of either eggs 
or young. A few, however, build nests and guard their eggs. One great 
oddity, the Splashing Samlet, Copeina amoldi, lays its eggs out of wa- 
ter on overhanging leaves The dutiful male remains near the eggs 
and periodically splashes water upon them to keep them moist. 

Tliere are about fifty species of gymnotid eels, the largest of which 
is the famous electric eel, the only one with great electrical powers. 
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The other species seldom exceed three feet in length, but all the spe- 
cies have long bodies, with the vital organs confined to the front one- 
fifth of the body. Dorsal and tail fins are lacking: the principal means 
of locomotion is the long anal fin, which is undulated, enabling the 
fish to move either forward or backward — seemingly with equal ease. 

Tlie catfishes range in size from tiny, one-inch species to those 
reaching lengths of ten feet and weights of well over six hundred 
pounds. Their great variety of body forms and the many structural 
peculiarities shown by them defy brief description, and their habits, 
if anything, are even more varied. A few are equipped with unique 
devices for breathing atmospheric air, enabling them to live in mud 
holes and swamps, and even out of water, for long periods. Some of 
these, and other catfishes. too, can "sleep"* through a dry season in the 
mud at the bottom of a dried-up stream or pond, and live for months 
without food or water in a state of suspended animation. A few can 
travel on land and do so for fair distances. In one African family, 
there are species that habitually swim upside down. 

There are more than a dozen blind catfishes— a greater number 
than in any other group of fishes. Most of them inhabit caves, but two 
or three burrow in the bottom of open streams. There are tiny cat* 
fishes no bigger than one-inch toothpicks that live in the gills of other 
fishes, sucking blood from them. Othen gnaw holes through the sides 
of larger fishes in order to obuin blood — somewhat like the way the 
lampreys feed. 

Reproduaive habits among the catfishes are also most variable. 
Many construct nests and are for their eggs — and sometimes for their 
young, too. One or two species build a ralUikc affair of plants and 
froihlike bubbles which are blosvn by the fish, to hold the eggs. In 
one whole group the males arty the eggs and young in their mouths 
for as long as two months— until they are well developed and able to 
fend for ihezmehes. A few female otfishes arty their eggs in a layer 
aiuched to their bellies, and some armored aifish males arry the 
eggs in enbrged folds of their lips. Still other aifishes simply Uy 
their eggs on planu or stones, and pay no more attention to them. 

The %S'hite Sutler, Catostomm commfTSoni, has often been accused 
of conramin^ Urge quantities ot Omc -aS vwwa. W thnt ts nt. 
proof for tins— no eggs have been found in the stomachs of white 
sutlers, nor hasc tiiesc fish been observed ating trout eggs. It U 
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true, however, that white suckers cat the cgj;s of other fishes svlicn 
they are available: apparently trout eggs arc not easily obtained by 
them. Other foods of this species tnciiide insert larvae, mollusks, itus- 
staccans. worms, and algae and other aquatic plants. 

The mouth of the white sucker is located underneath its short, 
blunt snout, and, as you might expect, a great deal of its food is 
proaired from the iKitiom. The body U slender and cylindrical. In 
males it becomes darker during the spawning season and develops a 
black band lying along ilie side above a rosc<olorcd one. In the early 
spring, white suckers leave the lakes, pools, and rivers where they tisii* 
ally live, and crowd into smaller streams to spawn in swift water over 
gravelly bottoms. Occasionally they also lay their eggs in quiet pools. 
The eggs are pale yellowish in color and about three thirty-seconds 
of an incli in diameter when first laid. Being heavier than water, they 
come to rest among the pieces of gravel, where they remain from five 
to twenty <bys. depending on the tcmpcraiiire, before they hatch. 
During spawning, two or more males flank tJie larger female, pressing 
against her sides. They are helped to maintain their position by the 
many tiny, hard, conical growths, called ’'peaTl organs," that develop 
along their bodies and fins during the time for breeding. 

White suckers are widely distributed east of the Rocky Mountains 
from l^abrador and the Mackentie River system in northern Canada, 
south to the Gulf states. Tlicir greatest importance is as a forage fish, 
that is, as fcxxl for various commercial and ganiefishcs. Tlicy are 
eaten by man, lioucvcr. m fair quantities in some places, lieing taken 
moitly during ilic spawning migration. Ttiey reach a Icngtii of over 
tv^-enty inches. Because they multiply rapidly — mote ilun one hundrctl 
thnuMiul eggs may be produced by a large female — and are easily 
raised in fivli haidierics, white suckers are becoming increasingly im- 
portant ai bait fiih. 

’Ilie suckers, including itie buffalo fishes, chubsiickeis. rrdhorse 
suckers, and qtiillback, make up a family of nearly ninety species. 

Tlie lligmomh Buffalo FWi, .Megoitomatohur rypnnrftr, prefers the 
sluggish waicTi of large rivers. Irayons, and ihalhiw lakes It ranges 
from KMithcrn Canada to Texas and is most common in the Misvis 
sippi valley. It has been transplanted into sniithern Ca1if(»rnia 

'Iltc bigmoutli buffalo fish is a stocky fish with an elliptical body. 
Tfie numih it sharply anginl upwards. Its foexj cemsuts of lioth srg- 
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mbie and animal matter, the latter including insect lar^-ae and mol- 
luscs. Reproduction takes place in the spring, when the bigmouih 
buffalo fish lays adhesive eggs which hatch in about nine days at 6o® 
Fahrenheit. 

Buffalo fishes arc the basis of one of the most caluablc of North 
American inland fisheries. There are three or four species of commer- 
cial importance of svhich the bigmouth buffalo fish is probably the 
most numerous and definitely the largest. In £aa it is the largest spe- 
cies o! all the suckers, reaching a length of four feet and a weight of 
sixty-five pounds. 

The North American Minnows are the most numerous single group 
of fresh-water fishes on iliat continent — and one of the most important, 
loo. Most of them do not reach a large size, but they provide the bulk 
ol tlie iood lor practically all the larger fish-eating commercial and 
game fishes. A fesv, such as the Fallfish, exceed one foot, and the rela- 
tisely gigantic Colorado Squawfish. Ptychocheilui lucius, attains a 
length ol five feet and a weight of eighty pounds. 

Tlte squasvfishes are fish-eatm, hut most minnows feed on sery 
small animals and on aquatic plants. Minnow's inhabit many differ- 
ent types ol water, from glacial lakes to warm springs and from tiny 
mountain brooks to broad silted rivers. Included in the more than 
four hundred different species ate the shiners, chubs, dace, sioneroll- 
ers. squaw-fishes, and the hitch. 

Minnows are often mistaken for the young of larger fishes, but can 
be distinguished from them by their lack of teeth on the jaws (they 
liase instead a few Urge teeth in their throats), the presence of a 
Weberian apparatus (described at the start of this chapter), the ab- 
sence of scales on the head, the location of Uie pelvic fins back towards 
the rear ol the body, the lack ol spines in any ol the fins, and the pres- 
ence of less than ten main fin raya in the single dorsal fin. Any fish 
not having all these charaaermtes is not a North American minnow. 

Tlie TcpToducthe habits o! these minnows are quite %-ariable. In a 
numf>eT of species, the males excavate shallow pus in gravel or sand 
to rcceis c the egzs. In others they gaUier piles of small stones to male 
a nest. Among these species b the FaUfish. Sme-f/Juj 
Although the males nevCT exceed eighteen inches, they perform great 
feat! of strength in moving Urge stones— as much at three and onc- 
luU inches in diameter — and tnay conntuct a nest eiglucen feet in 
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circumference and three feet high at the center. Still other species of 
minnows lay their eggs in crevices of logs or on tlie under surfaces of 
stones and other submerged objects, after which they are guarded 
and cared for by the male. Finally, there is a whole group that builds 
no nest of any sort and shows no parental care, simply allowing the 
eggs to fall on gravel or sand or into aquatic vegetation. Among those 
species that build nests, the males are usually larger than the females 
and develop beautiful, bright coloration during the spawning season, 
which is in spring or summer. At this time they also develop small 
horny grotvtlis, the pearl organs. 

The North American minnows belong to the family Cyprinidae, of 
which the rasboras, danios, bitterlings, carps, goldfish, barbs, gud- 
geon, and roach are also members. This is the largest single family of 
fishes, containing roughly two thousand species. A species, Catlocarpio 
siamemh, from southeastern Asia, readies lengths of nearly ten feet, 
and is the largest of all the cyprinids. 

The Common Shiner, Notropis comulus, is one of tlte most abundant 
of North American minnows and is widely used as a bait fish. It is 
found in many streams and lakes throughout the continent east of the 
Rockies, from southern Canada and Maine to the Gulf states and 
North Carolina. It reaches a length of eight inches. 

Males are generally larger than females, and during the spawning 
season their sides become tinged with red. and their other colors be- 
come intensified. Females remain practically the same color all the 
year ’round, that is, olive green or gray above and silvery below. 
Males also develop breeding tubercles around the head, on the back, 
and on the pectoral fins; these are undoubtedly of use in fighting, dig- 
ging and mating. 

During spring and early summer males gather on gravel or sand 
beds in streams, awaiting the appearance of females ready to spatvn. 
Sometimes nests up to about one foot in diameter are dug, by insert- 
ing die head between small stones and dislodging them, thus clean- 
ing away the silt and sometimes creating a slight depression. Whether 
or not a nest is constructed, die males constanclf vie tvich one anccher 
for the best position in the area. They rush around one another, try- 
ing to butt their rivals, and also indulge in a kind of display behavior 
in whicli two opponents tensely swim together side by side for a fetv 
feet before returning to the spasming area. Usually the largest male 
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holds the position farthest upstream, with perhaps twenty others jock- 
eying for position behind him. When a female appears near a male 
on the spasvning ground, he displays to her in a peculiar manner, and 
they embrace for a fraction of a second during which time perhap* 
fifty orange<olored eggs about one-sixteenth of an Inch in diametei 
are laid. These soon become adhesive and stick to pebbles and grains 
of sand. 

Frequently common shiners use the nests of other species of min- 
nows as places in which to lay their eggs. It is undoubtedly this habit 
that leads to the production of the seseial kinds of well-knosvTi hy- 
brids, involving the common shiner and other minnows. Scientists be- 
lieve that when common shiners happen to spask-n at the same mo- 
ment a pair of some other species is doing so, the sexual elements may 
become mixed in the water, creating natural hybrids. 

Common shinen feed at the surface, on the bottom, and in mid- 
vi^ter. They consume both plant and animal matter. The former con- 
sists mmily of alpc and tiny plants called •‘diaioms'*; the latter in- 
cludes many insects and crustaceans, worms, and small fishes. 


The Blontnose Minnow, Hyborhynchus notatus, Ia)i its e^ on the 
under surface of such natural objects as recks, logs, strips of bark, and 
mussel shells, and artificial ones like boards. iHe. tin cans, and pieces 
of fiat metal or ur-paper. The male prepares the nesting site by hol- 
lownng out a cavity beneath the object just big enough for him to en- 
ter Md Uicn cleaning oS the lower surface where the eggs svill be at- 
uched. ^seral females Jay in a single nest, usually at night, and as 
many as five thousand eggs may finally be present in a large one. The 
ra^e guarils the eggs most bravely, protecting them from other fishes 
and from l^es and snails. He also drculaces water around them 
and keeps them free from sediment. Frequently several males build 
Uicir nests alonp.de one another, each fish apparently recognizing 
his own place and living at peace with fail neighbors, 
n™' a datlCT coloration at the 
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No parental care over them h sho;vn. Male bluntnose minnows grow 
to be about four inches long, females about three. Some live to be at 
least four years old. They feed mostly on tiny plants and animals. 

The range of the bluntnose minnow includes most of the eastern 
half of the United States and Canada, from Quebec and North Dakota 
to Virginia and the Gulf states. Because of their large num- 
bers, wide distribution, and ability to withstand different living con- 
ditions, bluntnose minnows are among the most important forage 
minnows. Since they do not compete with garaefishes for food to any 
extent, yet provide them with excellent food themselves, they may 
be considered doubly valuable. 

The Red Rasbora, Rasbora heteromOTpha, occurs in streams and 
lakes of Sumatra, the Malay Peninsula, and Thailand. It is perhaps 
the best-known member of the very numerous group of small, fresh- 
water fishes called rasboras. Its renown arises from its beauty and its 
ability to thrive in home aquaria. Since 1906, the year it was first 
imported alive into Europe, it has been one of the most popular of 
the fishes kept as pets. 

Red rasboras reach a length of about one and three-quarter inches. 
Their bodies are tinged with a lovely rose color, over which a deli- 
cate, shifting rainbow plays. Each side, from the mid-point of the 
body to the tail, carries a roughly triangular, purplish-black mark, 
which contrasts beautifully with the rest of the fish. Above this is a 
golden line, usually more brilliant in males than females. The fins 
are tinted red and yellow. 

The adhesive eggs are usually laid on the under side of the leaves 
of aquatic plants. The mating pair turn on their backs to deposit and 
fertilize them. The eggs hatch in about one and one-half days. 

The Biuerling, Rhodeus amorus, uses a living fresh-water mussel as 
a nursery. At spawning time in the spring, the female grows a long 
tube or ovipositor that may become as long as she is, that is, about 
three inches. Both the male, who assumes a bright red nuptial livery, 
and the female indulge in courtship behavior in which they seem to 
pay much more attention to some particular mussel lying half exposed 
on the bottom than to each other. Suddenly, with a motion so fast that 
its exact details are still a matter of question, Uie female inserts her 
ovipositor into the exhalant or excurrent siphon (the tube that dis- 
charges svater) of the bivalved mollusk and lays one or two ellipsoi- 
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Bitteilmp are found in central Europe. They use at least tivo dif- 
foent speaes of European xnosseU as a hatching place for their eggs. 
For a while at least, they successfully maintained themselves in the 
Unurf States after being introduced into New York waters. It was 
American musseU could also be uulized by 
the fch. Tbere are several Asiadc species of bitterling-like fishes, in- 
clucUng three or four from Japan. 

P«wed a mixed blessing to man. but 
the good service it has done far outweighs the bad. It has provided 
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countless people with wholesome, high-protcin food at most reason- 
able cost. Altliougli Considered inferior in taste and too full of bones 
by many — including most North Americans — U»e fact remains that tlic 
fish is delicious when properly prepared. 

Even in the United States, svficre carp are considered an inferior 
foodfish by the great majority of people, more than seventeen mil- 
lion pounds are caught annually, mostly for food. Tlic carp is by fat 
the most important spedes employed in the extensive culturing of 
fishes in ponds tliat is carried on in Europe and the Near East, and is 
one of the most important in the Far Fjsi. It is also raised for food 
in parts of South America and Africa. No accurate estimate of present- 
day, world-svidc consumption of carp has ever been made; neverthe- 
less, it is safe to say that more carp arc eaten by man than any other 
fresh-water fish. 

Originally a native of Asia — and probably of Europe, too— the carp 
is now found on all the continents, and also in outlying places like 
Madagascar and the Hawaiian Islands. Some authorities believe it svas 
introduced into Europe during the thirteenth century. In 1872 a few 
specimens were carried from Germany to Cilifornia: four or five 
years later some were brought over to Maryland. With mudi enthusi- 
asm and little discretion carp were soon transplanted into the waters 
of most states. Tlie species was introduced into Africa and South 
America somewhat later. In many of these places carp have become a 
nuisance or actually a menace to other, more valuable, kinds of 
fishes. Because of their hardiness, adapcabtlity, and high breeding rate, 
carp tend to compete severely svith native forms and, sometimes, to 
replace them.'They destroy vegetation and thus the breeding grounds 
and shelters of many species, but worst of all, their habit of rooting 
up the bottom for food can so stir up and cloud the water with sedi- 
ment as to render it unsuitable for desirable fishes. 

Carp were undoubtedly the first of all fish to be domesticated: the 
Chinese have raised them in ponds for at least twenty-five hundred 
years. There are tWee principal varieties used in pond culture today: 
the mirror carp, which has a reduced number of scales, scattered over 
the body with bare skin in between; the leather carp, which has no 
scales at all or only very fesv around the base of the fins; and the 
fully scaled, wild type. A number of special strains have also been 
developed, showing varying degrees of rapidity of growtli, economical 
use of food, resistance to disease, and the like. Under good domestic 
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conditions, carp attain a tveight of three pounds by llie time they are 
three years old. If carp ponds are fcrtilMcd to increase the gron’th of 
microscopic plants and animals and the hsli are artificially fed, they 
will yield as much as tteelve hundred pounds of fish per acre each 
year. Since carp are primarily vegetarbn. they can use plants directly 
as food, aliliough they svill eat a x’ariety of small animals and animal 
products as well. 

The eggs of the carp are about one-sixteenth of an inch in diam- 
eter. They are adhesive, and in nature are laid on water plants. 
Spai\Tiing takes place in spring and early summer, often being ac- 
companied by much splashing and other commotion as the female 
swims about, closely attended by several males. Females can produce 
tremendous quanuties of eggs, all of which, hou-cver. may not be laid 
at one time. Hatching occurs from about five to twenty days after lay- 
ing. the length of time depending on the temperature of the svatcr. 

Carp live well in captivity; some specimens have been kept alive 
for more than thirty years. A maximum weight of eighty-three and 
one-half pounds has been reported, but rarely is forty pounds ex- 
ceeded. 


The Goldfish. Cartiuw auralxu, was first domesticated by the Chinese 
one thousand years ago. Wild goldfish are more or less dull silver 
and bronze m color— similar to the carp, to which they are reUted. 
but from s^ich ih^ arc entirely disUnct. csen though the two species 
cross. Comparing the two. carp can be identified by the presence 
of two pair, of short barbels on the upper jaw. In nature, goldfish of- 
ten show a^Idcn conduton. apparently resulting from the reduction 
or Ui o! black pso.™ cclfc i, from mrh rpzrrmoor that the 
Em dotoetttc ydlow-gold or rcd^old Eth were developed. The ttif 

aS ol7a is “ »«them dm.,, tutd both youttg 

and old arc used for food there today. 

bv *e Chi7‘^ originated 

Sti the 1 J»I»nr« catried on thS work 

after the introduction of goldfish into their country at about the be- 

™ i 'ridence indicate, that it 

century. B, about •fSs'somfhH^b'flfb' 'ighteenth 

deconttion. in that couStf SoS m 

wjuntry. t>oldfish may have come to the United 
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States as early as 1850: at any rale sonic had already escaped into the 
Schuylkill River by 1858. Unfortunately, svhen these fish revert to 
the iviJd Slate, all tlie beautiful, fancy<olored individuals disappear, 
leaving only dull, unprepossessing fish with feeding habits that make 
them a nuisance and even a threat to native fishes. Wild goldfish are 
now also found in Europe, Madagascar, Hawaii, Australia, and much 
of the Orient. 

The goldfish are omnivorous, that is, they eat all sorts of animal 
and vegetable matter; most people that keep them do not realize the 
great variety of foodstuffs their pets will consume if given the op- 
portunity. Goldfish have no jaw teeth and so can eat only small 
items and soft materials like algae. Much time is spent grubbing and 
picking about the bottom, and this is what makes them undesirable 
tenants in natural waters. Goldfish should never be allowed to escape 
into the wilds because they can easily become a pest. 

Spawning takes place in the spring and summer. Males develop 
numerous, small growths on the head, gill covers, and pectoral fins; 
and females become heavy with eggs. The eggs are adhesive and are 
scattered on plants as die female swims througli them, pursued by one 
or more males. A medium-sized fish lays as many as one thousand 
eggs at a single spawning and may spawn more tlian once in a sea- 
son, At about 60 degrees, hatcliing occurs in nine days. Newly 
batdied fry are about one fifth of an inch Jong, and have a promi- 
nent yolk-sac. Tlicy do little or no swimming for the first two days, 
while the yolk is being absorbed, but then they start actively to 
search for microscopic and near-microscopic food. Goldfish have lived 
long lives in captivity — for at least twenty years on good authority. 
The ordinary ones can reach lengths of two feet, but rarely do so be- 
cause they are confined in relatively small tanks or pools. 

The amazing results that can sometimes be obtained through selec- 
tive breeding cannot be belter shown than with the goldfish. An as- 
tonishing number of differently colored and shaped types have been 
developed at one time or another during the long history of this fish 
as a domestic animal. There are red-, orange-, yellow-, blue-, and black- 
hued strains. Fish lacking dorsal or tail fins have been bred. Enor- 
mously enlarged fins, some of them doubled, are well knosvn. Fish 
with telescopic eyes, wiili shortened, egg-shaped or comma-shaped bod- 
ies, or with large ivarth’ke growths on che head have been developed. 
Perfect examples of some of these types are extremely difficult to ob- 
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tain, since thousands o£ indi%’iduah must be svcedcd out— even among 
the offspring of specially seleacd parents— before the right one is 
found. Such fish have sold for as much as seven hundred dollars each. 

The Barbel, Barbus barbus, is the only member of the large group 
of barbs found north of Uie Alps. The great majority of the several 
hundred different species come from Africa and tropical Asia eastrvard 
to the East Indies. We find the barbel in .France and Germany and 
other central and southern European countries as well as in a few riv- 
ers of eastern England. 

The body of the barbel b rather long, lu mouth is crescent-shaped 
with thick lips and is located on the under side of the snout. There 
are two pairs of barbels, one on the snout, the other at the comers of 
the mouUi. The barbel usually feeds by grabbing on the bottom for a 
large variety of animal and vegetable matter. 

In May and June barbels spawn. laying eggs, which are heavier 
than svater, over gravelly bottoms. The ^gs of the barbel are beliesed 
to be more or less poisonous, and it is comldered good practice to re- 
move them from a female fish very soon alter catching. 

The barbel is one of the medium-sized barbs. Many of this group 
arc small — of a size that perfectly suits them for home aquaria. A fesv 
are very large, the mahseers of India, for escample. Tliese are famous 
gamefishes that atuin weights well mcr one hundred pounds and per- 
haps exceed tw-o hundred. In England the maximum recorded sveight 
of the barbel is twenty pounds, but larger specimens are knosvn on 
the continent. 

The Gudgeon, Gobio gobio, is a small, bottom-inhabiting fish of 
streams, lakes, and ponds in England. Wales, and Ireland, and on the 
continent, excepting Greece, S[»in. and Portugal. Tosvards the east, it 
is found in Russia, Turkestan. Siberia, and Mongolia. It rarely ex- 
ceeds six inches in length, although spedraeru tsvo inches longer are 
knosra. 

The gudgeon has a small crescent-shaped mouth located on the 
undenide of the snout, svitb a single barbel on either side Its food 
ronsists of small crustaceans and moUusks. insect larsae. rvorms. and 
fish eggs and fry. During the spring and summer gudgeons lay their 
8^11. adhesive eggs on grarelly shaUows. Despite its diminutise size, 
the gud^n fights gamely when hooked. Comparatively speaking, 
though, fishermen have always onuidered it an easy fish to catch. As a 
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result its name has become a synonym for a creature that may be duped 
without trouble — Shakespeare used the word that ivay. The gudgeon 
makes a delightful morsel when cooked, but many prefer to use it as a 
bait fish. 

The Roach, Rutifus ruti'fus, is probably the most sought after of all 
fresh-water fishes in England and Scotland; more anglers try their 
skill against this species than any other. In most places, catching roach 
requires both skill and patience, for the fish are quite wary. Unfor- 
tunately, once caught, they are not too well liked for food because of 
their bony flesh and sometimes muddy flavor. The record specimen 
ever caught by rod-and-reel weighed three pounds, fourteen ounces. 
Such a fish is about eighteen inches long. Individuals more than two 
pounds in weight are uncommon, and any over one pound is con- 
sidered a good catch. 

Roach inhabit quiet fresh waters in northern Europe and Asia. 
Sometimes they also are found in brackish waters. They feed on veg- 
etable and animal matter, usually near the bottom. Sp-awning takes 
place in the spring, when the fish migrate from deeper waters, where 
they have spent the winter, to weedy shallows or small streams. They 
lay numerous small eggs which are heavier than water and which 
hatch in about eleven days. The roach can hybridize with at least 
three different fishes of its otm family in Europe and the British 
Isles, and these hybrids have been found in nature. 

The Weather Fish, Misgumus fossilis, is supposed to indicate com- 
ing changes in the weather by dashing frantically around its tank. The 
fish makes an interesting aquatic pet, but its ability as a weather 
prophet seems to have been exaggerated. 

Weather fish inhabit fresh waters of central Europe, east to the re- 
gion of the Caspian Sea. They arc bottom forms that hide most of the 
daylight hours, sometimes digging their long, thin, round bodies into 
mud or sand. A lengtii of at least twenty inches is sometimes reached. 
The weather fish employs its intestine for breathing atmospheric air 
in addition to the more usual respiration hy means of gills. It rises 
to the surface and swallows some air svhich passes tlirough the stomach 
and is stored in a bulge in the intestine located just behind the 
stomach. Here the vital cxchan^ of gases takes place, and finally the 
''bad" air is voided through the fish’s vent. 

Around the mouth of the weather fish are five pairs of small bar- 
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bels, giving it the appearance of hawng quite a mustache. These are 
undoubtedly used in feeding, since the fish grubs around a good deaf 
and also uLes in quantities of disintegrated matter, apparently sift- 
ing out tiny edible particles. In the spring thousands of small, ad- 
hesive eggs are laid, usually at night. 


The Neon Tetra, Hypheisobrycon tnnesi, created a sensation among 
tropical fish fanciers when it u-as introduced into Europe and the 
United States in 1936. TTie first specimen to reach the United States 
arrived from France on the airship Graf Tleppelin, and cost several 
hundred dollars. Neon tetias had been discovered far up the Ama- 
zon in the region where Braiil and Peru meet, and after many diffi- 
culties a few spe cimens were finally brought out alive. Today Urge 
shipments of them are reguUrly made from Brazil to the United 
Sates, and they are now one of the standard items in the large busi- 
ness of imparting tropical fresh-water fishes for home aquaria- 
Fesv fresh-scater fish an rival the neon tetia for sheer brilliance of 
color; the fish really lives up to the name of "living jeweL” It is a 
small species, mature specimens being abooi one anti one-half inches 
long, lu general body color b a neutral light gray, but the lower part 
of the re^ of the body and base of the uil are colored bright ted. 
and running along each side, from the eye almost to the tail, b an ir- 
idescent blue-green band, to brUlbm that it seems to arise from some 
electrical apparatus or molten meal rather th2n living thstic. 

.Mihough neon tetras have bred in captivity a number of rimes, 
^ey do so far too seldom to supply the great demand for them among 
fanaen of tropical fish, and so must be imported regularly. During 
sp 3 v*-ning a pair swims through aquatic plants, the female scattering 
two to fifi^ small, slightly adhesive egg, that may or may not be- 
«me aiuched to the vegearion. TTib process b repeated at frequent 
mtervals unul perhaps two hundred eggs have been laid— a matter of 
two to three hours. The eggv hatch in about tv»-o days. The fry are 
minute, almost transparent creatures that hide among plants or hang 

motionlesvly at the surface erf the w^ter. 

^e Blind Cave Charadn, Anoptickthjt yordani, comes from a single, 
small cave m the sate of San Lab Potosi. Mexico-and 
In mpuuty. on the oUier hand, it b common all 


nowhere else. 

one 0! the popular small "imf.;,-.! k.v.— - ... ... 


tropical fishes" of home aquarbts. It b 
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safe to say that there are many more blind cave characins living in 
aquaria far from their native dwelling place than exist in the ^fex^can 
cave. 

Even though the cave cltaracin is blind, its eyes being reduced to a 
pair of degenerate capsules more or less buried under the skin, it can 
hold its osvn in a tankful oE other tropical fish in full possession of 
all their faculties. Although it may bump into planu, rocks, and other 
tank accessories when first placed in an aquarium, it very soon learns 
to avoid these obstacles and will swim directly towards one, unerringly 
turning away from it just before striking ic If you change the location 
of an object, the fish must again learn where it is. 
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Blind cave characins quickly learn about the feeding procedure in 
any partiailar tank and never suffer from lack of food despite the fact 
that they must compete with eyed fish. They generally feed on the 
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bottom, scurrying around with such energy that, if anyiliing. they gel 
more tiun their share of food. TTiey exhihit little nicety of taste, 
eating practically anjtliing. In nature their principal food comisis of 
the dropping^ of the tlioutands of bats that inhabit their cave. 

Besides having only degenerate eyes, the blind cave characin lacks 
die dark pigment present in the great majority of fishes. \Vhen first 
taken from the cave, it is pinkish white, but after being exposed to 
light for some time, it becomes silvery. Its ears, too, base degcneraied 
through the ages. It does, however, possess a greater number of taste 
buds than does its nearest eyed relative. Living in light has no effect 
on iu eyes whatever; many generations have been hatched and raised 
in the light, and the eyes of these arc not a bit less degenerate than 
the eyes of fish that Ihed ail their lives in the total darkness of the 
Mexican cave. Reproductive habits are relatively simple. The some- 
what adhesive eggs drop to the bottom, and tltere is no parental care 
of any sort 

In 1940 the New York Aquarium sponsored an expedition to study 
the blind cave characin In iu native habiuL One of the iiwemting 
discoveries made on this trip was that the blind fish were evidently 
interbreeding with their eyed and pigmented relative, the Nfcxican 
Chararin, As/yanox mfxieMuj. A whole series of intermediate forms, 
showing all stages in the lack of eyes and pigment, was found. Thb 
cross has also been successfully made in small tanks. Later exploration 
revealed that in the same region there are four other caves also 
coniaintng blind fishes, each slightly different from the oUjer. but all 
closely related. 


In nddmon 10 itc blind lobe of San Unis Polosi Ihare ate menty 
Eve or mote other species ol blind fishes in the world, inhabitin', tub- 
t^ean watess in Nonh and Sooth America, die West Indies, At- 
na Madagastar, Asia, and Antttalia. None oi them is at all closely 
mUted to the ebaradns, belonging ns ntrcral disUnaly separated fam- 
ntes oi fishm. In the Umted Shoes, Utere are m-n .pedes of blind ott- 
fisho that has-e ^ taien fiom artesian welU in Teias, and about 
‘>f ““>d fishes, belonging to a special family ol their own. 


bdn^'ir*’’ ha. tilled perhaps more human 

bemg, dem an, other fish. .Aldtough I. reaches a len^ ol only ten 
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and one-half inches, it is one ot the most savage of all fishes, and no 
creature is too large or powerful to be attacked by it. 

Its short, broad jaws are eadi equipped with a row of strong, tri- 
angular, razor-sharp teeth that fit into one another very closely. So 
powerful are the jatv muscles that only the hardest ironwood or metal 
can resist. Ordinary fishhooks, for example, are quickly snapped in 
two. and fingers or toes are amputated with grisly ease. ^Vith each bite, 
the piranha neatly removes from its prey a piece of flesh about the 
size of a large olive, this being clipped off and swallowed whole with 
machine-gun rapidity. The fish seems to go berserk when any blood is 
let, madly snapping in all directions, even biting its own compan- 
ions in its frenzy. 



Large numbers of piranhas gather wherever food is available. They 
have been known to strip the flesh from the bones of a living one- 
hundred-pound capybara in less than one minute and a four-hundred- 
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pound hog tn less than ten. lloiribtc stories about people being lit- 
erally eaten alive by these bloodtliiniy fish have been fully corrobo- 
rated. Whereser they are found, piranhas arc generally the most 
feared of water creatures. Their usual food consists of other fishes, but 
mammals, birds, and reptiles — in faa any sizable creatures tltat acci- 
dentally or deliberately get into svater — ^are frequently destroyed. Pi- 
ranhas also eat fruit and can be caught on boohs baited svith balls of 
dough. 

The piranha is a rather deep-bodied, compressed fish with a blunt, 
bulldog-like profile — the upper pan almost vertical, the lower jasv 
projecting beyond the upper pan of the face. It is colored silvery blue 
with a light red anal Bn. During the spasming season, llie underparts 
of the male become a brilliant red. Uttle is knosm about the repro- 
ductive habits of piranhas. They have been reported as laying ad- 
hesis-e eggs on submerged plants and roou and consiriiaing a shallosv 
nest on sandy bottoms. The parents ate said to attack snctously any* 
thing approaching their eggs. 

There are four dangerous spenes of piranhas, and they inhabit 
South Arnerican streams that drain into the Atlantic from northem 
ArgenUna to Venezuela, Not every river harbors them, but the Am- 
azon, Orinoco, Paraguay. Parana, and Sao Francisco Ri%ers all have 
one or two species. Smojafrnur natterrri b the most widely dbtrib- 
uted of all. being found in the Cuianas, Vencruela. Brazil. Paraguay, 
Uruguay, and nonhem Argentina. The largest species is Serrasaltmts 
piraya, found only in the Rio Sao Francisco, which reaches a length 
of at least twenty inches. 


The Slreehed Ha, diet ri,h. C.megieU, lUigaa, is one oi the besh- 
svatCT flying fishes and is capable of traseling through the air for dis- 
unces Di peshap, ,ii leet ot more over die shaded tores, streams and 
pools ot the Gmanas and the Amaron. sthere i, lives. Unlike the ma- 
rine BjmjCthes, hatchet fishes do not glide, but actmdly Bap— or 
snbmi^Uieir arched pecmal fi„, ULe ssings; rheir fliKTi. 
^erelore stmilar ,o iha. ot t^eds mUter Utan aiillanes, .Although 
h'' ■ *en,. they never 

«h™ Ute, .di od.e oS toward the ^ wa- 

Ly -l-T cannot be torced to 

Sy xt'Onh a nearby shore, no matter how much diey are harassed. 
Perhaps Utt, unerring knowledge or imtinc, ol theTimiu ol their 
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aquatic environment is what prevents iJiem from ever flying in the 
tanks in tvhidi tropical fish fanciers keep them as pets. 

To operate their “wings,” hatchet fishes liave tremendously de- 
veloped pectoral (breast) muscles atiadied to a very large “sternum” 
or breastbone like that of birds. This structure projects forward and 
downward, giving the fish a chest that is semicircular in profile and 
triangular in cross-section, coming to a rounded, knife-thin edge. The 
muscles that move the pectoral fins or “wings” may constitute as much 
as one-quarter of the total sveiglit of the fish; in more ordinarily 
shaped species they make up less than one one-hundredth. 

Streaked hatchet fish reach a length of one and three-quarter inches. 
They feed principally on small insects floating on the water surface. 
They lay eggs that float. About ten different species of hatdiet 
fishes are known, all from northern South America or Panama. 


The Electric Eel. Eleelro}}koTus cUcIriau, is the most powerful of 
all the electric fishes. At the New York Aquarium we have measured 
hundreds of specimens and have found that the average maximum 
voltage is in excess of 350? and that at maximum power, an external 
current of about one-half an ampere at two hundred to tliree hundred 
volts may be drawn— that is, a hundred or more watts. Tins is enough 
to knock down a horse or to stun a man. and there are records of peo- 
ple having been killed by the electric eel’s discharges, or drowned 
when they fell unconscious into the water after being sliocked. 

One of our medium-sized eels, about three feet Jong, pro ucc 
discharges of 650 volts. These are the greatest we have ever recorded. 
One single discharge from even this particular eel is not as much, elec- 
trically. as a single discharge from a medium-sized torpedo. But the 
electric cel can continue to discharge for long periods of time, at a 
rate that varies from three Isundred to thirty discharges a second- 
svhereas the torpedo quickly becomes fatigued, after not more than 


fifty or so discharges. ,. 

Despite its great posver. the elecuic eel cannot operate ordmaiy 
electric appliances and incandescent lamps. This is because each 
discharge lasts only about mo one-thousandths of a second sv ule it 
ukes an incandescent lamp, for example, as long as one-fiftieth o a 
second to heat up enough to be visible. The electric ee generates 
direct current, and the front end of the fish is always positive to the 


rear. 
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Electric eels use their electricity both to obtain food and to protect 
themselves. They are toodiless, spineless, and scalelcss creatures that 
swallow svhole the small Gshes anti frogs stunned by their discharges. 
They inhabit the Amazon, Orinoco, and other smaller ris'cr sj'Stems of 
northern South America, usually being found in slow-moving, rather 
shallotv backwaters. They are sluggish, and spend much time lying 
quietly in the water, only moving periodically to come to the surface 
for a gulp of air. The roof and floor of the mouth arc specially modi- 
fied to enable the fish to breathe atmospheric air, and if denied ac- 
cess to it electric cels drov,-n in about ten minutes. 

The electric eel is not at all related to the true cels, and, although 
it has a long, rather thin body, it completely lacks the sinuous grace 
and streamlined contoun of the American cel and its relatives. With 
the exception of an expanse of salmon red or yclioivish green on the 
belly and throat, the electric eel is a more or less uniform dull gray. 
The pectoral Cm are very small. There is no dorsal or caudal fin at all, 
but the anal extends along the whole posterior four-fifths of the fish. By 
undulating this long fiti the fish moves about, backwards and for- 
tmrds ivith equal ease. 


Praciially nothing is known about the life history of electric eels. 

egg,, bu, o 2 .cd,. wh„e or rrhon i, prrtt)' much 
o! u mjsicty. The 6sh apparcuO, disappear from their normal hauirn 
dunng ae uuny s^u. presumably going inm 

and a: she end of rhat seausu the, reappear srid, a d„ud o! small eels, 
^ inch or so Ini^, ssruumiug about their head. The sex ot thu par- 
So oofo ^ “ unluoiso, bufat 

*'■' E'-e or sLx 

Sraii'y fo deLTd, ^ ““SE 

^ “-^ves or procure lood. B, die dme an elec- 
r % f “uEied its 

voimge 

about nine and one-half fee,. "upeiage. Maximum length u 


its lenc^auS^eS't h*' to the first fifth of 

posed?-.:;" ^:eS «' 

which operates in essenri^W .s, / electric tissue 

this reason the electric eel iL^iU^ s™'™ “ 

and medical research. tmportant m physiological 
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Although sensitive to electricity, tlie electric eel is not harmed by 
its own discharges or those of its fellows. On the contrary, ivhen an 
individual discharges, all others in the vicinity gather about the spot, 
apparently searching for food. The only "harm" done by tliese pow- 
erful currents seems to be the formation of opaque spots on the lenses 
of the eyes. All but the smallest electric eels have these, a circumstance 
suggesting that electric eels are apparently dependent on tlieir own 



electric discharges, operating as .a sort of radar, to explore their sur 
roundings. ^V’hcnevc^ an electric cel moves about, it pro uces a *‘^*'*^* 
ot loiv.poivcred diKliargcs, and llioe are used to tote objects m its 
environment. At least one otlicr species of gjmnotid cel a so pr ucm 
small electrical discharges for the same reason; the Electric Motmynd. 
Gym>iarc/j«5 niloticus, docs so in a similar manner. 

The Sea Cairuh, GaUicluUys fdis, carries its eggs and young in us 
mouth tor about two monllis, during wliicli time it does not ear Only 
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the males play the role of living incubator, and they have been re- 
ported as becoming rather scratvny toward the end of their long 
period of fasting. While the eggs, and later the young fish, are being 
carried about, the male's mouth becomes quite enlarged, and even 
then it sometimes seems as if he could hardly hold his offspring in — so 
great is their bulk. 

The eggs of the sea catfish are among the largest of all the bony 
fishes, ranging from one-half to three-quarters of an inch in diam- 
eter. Relatively fetv are produced by each female, but the indica- 
tions are that a single female can produce more in one season than 
a single male can carry. The largest number of eggs ever found in a 
male's mouth was forty-eight; the usual number ranges from ten to 
thirty. Before the spasming season, which is in June and July, the 
females develop peculiar, fleshy, booked growths on the inside mar- 
gins of their pelvic fins. Presumably these hooks are used during the 
laying and fertiliation of the eggs, for what evidence wc have indi- 
cates that the eggs are in some way transferred to the mouth of the 
male without ever touching the bottom. 

The eggs hatch in about a month. The young fish remain in the 
mouth of the father for almost another montli, however, not only un- 
til their large yolk sac has been absorbed but until they are at least 
two inches long. While still under parental care they feed on their 
own account, but whether they do while still in their father’s mouth 
or svhether Uiey venture outside to cat, returning for shelter and in 
case of emergency, is unknown. The male parent, on the other hand, 
does not eat at all during the whole period. Most of the stomachs of 
incubating males that have been examined were completely empty; a 
few had an egg or two in them. 

Sea catfish inhabit shallow brackbh and salt water bays during the 
spring, summer and fall. During the winter they apparently go into 
deeper water. This u a common species along the coast of the GuU 
of Mexico, becoming rarer as one proceeds north; a specimen occa- 
sionally is found as far north as Cape Cod. The sea catfish occun 
as far south as Yucatan. 

"nie food of the sea catfish is most variable and may include crabs, 
ihnmp, a number of other invertebrates, fishes, algae and various sea- 
grasses, and garbage. The species grows to a length of slightly more 
titan sixteen and one-half mclics, but mates less than half that length 
have been found tarrying eggs. TIic under side of the skull of the 
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sea catfish, and that of many of iU ocean- and inlet-dwelling relatives, 
has two rounded, long prominences arranged more or less at tight 
angles to eadi other. These are often considered to represent Jesus 
of Nazareth on the cross, and the skulls are used as icons in some 
parts of Latin America. The fish is therefore called the "crucifix 
fish.” 


The Brown Bullhead, Ameiurus nebulosus, inhabits shallow, quiet, 
fresh waters in the eastern part of North America, from Manitoba to 
New Brunswick in the north, to Texas and Florida m the south. It 
has been introduced along the tvest coast and now ihriycs in Cali- 
fornia, Oregon, Washington, and British Columbia. It is now also 
found in parts of western Europe and on several of the Hawaiian Is- 
lands. The brown bullhead is remarkably hardy, being able to exist 
in waters too foul for practically all other fishes. It can also live foi 
weeks at a time down in the mud. svhen the svater of its lake. pond, or 
stream dries up. ... * 

The most prominent teanire ot the brown bullhead is the tour 
pairs ot long barbell or ••whiskeia" located on the chin and bettveen 
the eyes and mouth. These are used so exploie its surroundings, _^e 
bullhead apparently depending on them mote than on its eyes, l ne 
body is withniit scales. Tliete is a single stout spine in the '‘“'■“"I" 
and in each pectoral fin; it is these that cause the Mpleasam pricks 
that testilt sehen the fish is not handled propetly. The brown bull- 
head docs not have any poison glands associated wit t ns spin«. 

Although looked down on by many fishetmen, the brown bullhead 
hat provided many anglers svish pleasure, and a >’3 ' 

with cheap ye. tally and nourishing food. I. takes 
readily, and it. fiesi. is firm, white, sweet, and 
The usual length is less than one fool but spec.meus half agam as long 

“"•ATiL ot the brown bullhead is quite varied; ‘h" 

eutly cau whatever is most available. Insect larvae ^ 

utceLs, mollusks, fishes. Irogs, leecltes. and worms 

material may be consumed in quantity, and at urn 

bage may be ihc chief item in lU diet. -ri.;. m imiallv in 

Brown bullheads prepare a musk- 

tome cavity under rocks, roots, or logs, or nerasionallv 

rat hole; men „bjec» like old tin pail, ma, be used. Occasmually 
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a shallow, dish-shaped nest is dug more or less out in the open. 
A large number of aream colored eggs about one-eighth of an inch in 
diameter are laid. There may be more than nvo thousand of them 
and they adhere to one another, forming one or more clumps. Either 
the male alone or both parents together may care for the eggs and 
young. Tlie eggs are vigorously shaVen by the fish's pehne fins, and 
are taken into the mouth, “chetved" and then spat out. Hatching may 
occur in less than a day or may take as long as ten days. Young 
bullheads move about together in a school, forming a dense, black 
cloud of tiny fish upon which the attending parent or parents "ride 
herd.” 

The Stonecat, Notunu ftamis, the madtoms, and a number of 
tropical species of catfishes do ha\-e. unlike the brown bullhead, 
poison glands in their spines and can tnflia very painful and slow- 
healing wounds. 


The Electric Catfish, Malaptentms electricus, has been knonm since 
ancient times. Tlie fish was familiar to the Egyptians and also to the 
Greeks and Romans, and Arab writers during the Middle Ages told 
of its use as a love charm and as a therapeutic shocking-machine. It 
was first scientifically described in 1789 and imported alive into Eu- 
rope in 1880; yet even today very little is knotvn about its life history 
or the exact way its organs work. 

Electric catfish are found through most of the western and central 
parti of tropical Africa and along the River Nile. The>- grow to a 
length of about four feet. They have a cylindrical body, brownish 
or grayish in color, with no scales and only a very small, adipose 
(fatty) dorsal fin located near the uil. Surrounding the mouth axe 
three pain of long "whiskers." It is perhaps significant that the elec- 
tric catfish, which is well able to defend itself by means of electric 
shocks, completely lacks the spuies or armor so common among most 
other speaes of catfishes. 


Little IS known of tlie mode of life of the electric catfish save that 
It tnhab'ts nvers and swamps. It is reported as eating algae, wonns. 

^ apparently never been re- 

corded. In captivity It cannnot be kept with other members of its 
species; m any tank, one and only one electric catfish survives. Noth- 
ing IS knowm of its reproductive habits. 

Tliere u no doubt that the strong electric shocks which the elec- 
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trie catfish is capable of producing are used defensively, but -whether 
they are also employed ofTensively, that is, to stun prey, ts still a ques- 
tion. ^V'hat reports there are on the strength of the electric dis- 
charges of the fish appear quite dilFerent from one another. ^Ve have 
measured a number of specimens ranging from about four to eight 
inches in length and have found their maximum discharge to run 
about eighty volts. Tlic electric organ consists of a special, gelatinous 
coat of tissue Uiat covers most of the body just under the skin. 



CATFISH WITH AN FIECTKIC CHASOC 

The '’hewhUhered" «r.aTv,re« colled corfhh «<• well in 
Ico, and Avffrallo; lew fomillar b Ihe electric c»tfi»h 
b tapoble of prodeelna o thor^o of In 

toid to have been «>ed In the Ireolmenl of op*lep»ir. 


town >0 flthermin In Europe, Amer> 
el Africa. An elghUneh Individual 
eorller limei the electric cotfiih If 


The miptail Loricaria, Lorimria pana, at lint glance looks l.kc a 
living fossil, a creature out of the dim past, when all fishes were llat- 
tened and heavily armored. The truth of the matter is, owevCT, 
the family of armored calfishes to which the whiptail loiicaria helonp 
is among the most spccialkcd or "moderu" of all the “'Isl-"’ ^ 
that it consists of not a few relics, but of a liounshing group of more 
than four hundred dilfcrcnt species, inhabiting almost all the fresh 
waiers of tropical South and Central America. 
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Tlie %\hipt3il loricaria reaches » Icngtii of almtil ciglit inches. It lui 
a depressed head (hat it $eRn<irctilar in outline and shield shaped, 
foliosved by a roughly triangular txxly (hat tapers to a long uhtsL of a 
tail, terminating in a small fin with a tong ray, or whip, at iit upper 
edge. Tlie whole fish is covered with bony armor, the liead and fore- 
part of tlie body being sheatlied in an inflexible case, and the rest of 
the fish in movable, overlapping plates. The color is grayish browTi 
with darker transverse bands and blotches. 



Lil. othtr atmoirf raUi*<!i. U,. Kl.ipuU o[ 

It. time on avnz^ the bottom and it mittt aaite during tite houTt of 
mtligbt tmd darknett. It fecdi on organic maticr wliidi it tuckt up 
bom the tattnm, on algae icraped bom toclt. or on pUnu. lit luclet- 
libe month t. located on the nndertide nt the head. The month it 
Sr r'' “ r“t ” P'"'-'”' oiample, on the vertical 

™iTtt';'ntir"“:t“ 

In piepanuon tor tpavnting a pair ot tthiptail loriearia clean oS a 
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rock or bit of hard botiom. The forty or so large, amber eggs arc 
carefully cared for by the male who rests directly upon them, cleaning 
them with his mouth and fanning them with his large pectoral fins. 
After eight to ten days, the eggs liaicli into baby fish about three- 
eighths of an inch long. The father shows no interest in his offspring, 
however. 

Whiptail loricaria are native to fresh waters in Paraguay and south- 
ern Brazil. 


The Eels— Fishes Like Snakes 


An eel is just an ec! to the person who does not know the 
fishes of this group weW. But once you start to examine them closely, 
you will find many remarkable contrasts among them. Some are large, 
brightly colored, savage animals whose bite may be poisonous at i 
other extreme are tiny, inoffensive, buitowins creatures that loot and 
behave lite tvorms. Even these are interesting: you would be aston- 
hhed at the rapidity with which they can dig themselves into the sand 
or mud, tail first, . ... 

As recently as seventy-five years ago, the life story ° 
one ot the great riddle, of nature. Up to that time, no O"' >‘"™ 
they bore their young or what stages they passe t ,nontane 

dents thought these atrious snalelitc fishes arose through sponune 
out generadon from "the bowels of Ote earth" or the tomn "E ^'w 
or came from horsehairs that fell into tvater or trom small beetles 
ihe gills of other fishes. . , . 

So far as we now knoiv, all eels lay their eg^ jjardly 

young pass through a fiat, transparent suge. at tim y Y 

look like cels at all. Most species remain in the sea all their lives. 
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some live for long periods in fresh water, returning to the sea to lay 
lljeir eggs. 

The eels are very long, have tiny scales or none at all. They lacfc 
spines in their fins and have a charaaeristic kind of upper jaw. None 
of them possesses pelvic fins; some also arc svithout pectorals, and a 
few have no fiiu whatsoeser. The giants of the group (order Apodcs, 
meaning "footless'*) range in length up to ten feet and in sveight to 
more than one hundred pounds. Among the twenty or so families are 
the common edible eels of Europe and eastern North America and 
their relatives (Anguillidac), the conger cels (Leptocephalidae), and 
the moray eels (Muraenidac). 

The fishes of this order might be called the "true eels." although 
somciimes t»e reserve diat term for members of the family Anguilli- 
dac. At any race, a number of wholly unrelated fishes arc termed 
eeh, among them the sUme-eels and lamprey eels, the gymnoiid cels 
or fcnifefishes, the synbranchid or swampeeh, the mastacembelid or 
spiny eels, the cusk^ls and the rock -eel. Except for the long, supple 
body, these fishes have little in common. 


The American Eel, Anguilla tostrata, was for many years a mystery 
fish. Although it was well known in the lakes, ponds, and streams of 
eastm NorA and Central .\merica and of Bermuda and the West 
Indies, its life histoty puzzled sdentisu and laj-men alike. No one 
knew where or when this important foodfish spanned: no one bad 
es-cT seen the egg or young of the ecL \\T,en. after years of patient, 
careful svork, the life cycles of both the American eel and its Euro- 
pean cousm were revealed, for sheer strangeness and fascination they 
exceeded all expeoations. 

JlaniT, tcrailc Annicni nU. „„ oo.-hall ,o six teel long and 
abom so™ lo iwdrn jran aid. migntt thn coast, entering the sea 
m ae falL To^ntplish thU the, mmt sometime, travel otetland, 

U, „ I “I psotawr do a, nigh,, and nhilc on. ol , vale, they breathe 

toongh dte,, sltn. Jlantne males do not have to navel so far. since 
lSllm°rh,”’’,l!'”, “ •‘ds^ish ssater. (They ate usually 

huIdteSlirl*' “ die Atlantic Ocean a lex 
Here in mid-s.-ime, dtey spasm anT.h™ “1““"'' 
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The young eels are tiny, flattened, transparent creatures that do 
not remotely resemble cels — we call them leptoccphaUis larvae. Tlicy 
slowly make their rvay back low'ards the continent and arrive on our 
eastern coast in the spring less than a year and a half after they sverc 
spawned. By this time they have assumed an cel-shaped but transpar- 
ent form. They are a little over two inches long. Soon they begin to 
darken, and those destined to be females start their long migration up 
streams. Now they are called elvers. 

The European Eel. Anguilla angullla, has a similar life Instoiy’. but 
takes three years to change from leptocephalus larva into elver, n a , 
there are sixteen different species of eels that are closely relate to 
the European and American ones. Tliey arc found throughout most o 
the warm temperate and tropica! seas, with a notable exception of 
the eastern racifle. There arc none of these eels on our Pacific coast. 

Under certain conditions, in aptivity for example, eels never ma- 
ture and have lived for as long as fifty-six years without showing signs 
of becoming reproductive adults. 


Tlte Conger Eel. Conger oceanlcus, looks like the American cel m a 
general way. But we can quickly tecognire il»e conger eel by is 
fin, sdiich arises just above and behind the small pair o pcc • 
the Amcrian ccl iliis tm begin, a long way back Irora the 
Moreover, ibe American eel ba. ntinoie wales embedded in . 1 . .km 
the conger ccl has no scales whatsoever. 

n.e life bbrory of rhese iwo specie, is also somewto. d.deren . 
Conger eels spend all of their lives in salt water an on y m 
athcly short migration offslvorc into deeper waters to *P ' ' 
tiny eggs float, and the young fish go through a cpioccp 
before becoming eel-sbaped. A, rl.i. ..age .bey are very smal . da. 
tfnctl. transparent creatures, so unlike their parents i la 
lime rl,ey w-L rbongb. ro be a dillerenr kind of bsl.. No. on 1 885 
-when Lme lep.oc^pbab.s larvae were kep. .0 enP»;. k " 
underwent tlieir remarkable transformation into sma 
"■as their true identity demonstrated. . - , „r ,i,- Atlantic 

The conger ccl i, widely distributed on 
hut docs not occur on the west of the Unit off our 

Europe arc generally considerably larger than i i 
'bores, where specimen, over lour lee. long are j-bX-g^ 

tenrales. males Xining abon. .wo and one-ball leer, rl.e larges. 
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conger eel on record weighed i*8 pounds and was about eight feet 
long. 

The Green Moray, GymnolAorax funebris, is as ferocious as it looks. 
It has a powerful, sinuous body that may be six or more feet long, 
and strong jaws armed writh many sharp teeth. Aliliough somcumes 
used for food, it is greatly feared by West Indian and Rcrmudian 
hshermen and divers svho come into contact with it. 

Its solid green color results from a layer of briglit yellow slime iliat 
covers its slate-blue, tough, scaleless skin. Other morays, of which 
there are over a hundred, are marked with all sorts of stripes, bars, 
spots, and blotches. They can be distinguished from other kinds of 
eels by the lack of peaaral and pelvic fins and their small, round gill 
openings. 

Morays inhabit coral reefs as a rule, and in captivity seem most con- 
tented when they can squeeze themselves into some hole or ores'ice. 
They retain their savage disposiiiom in the aquarium; tankmen nes’er 
become familiar with them even though morays sometimes learn to 
feed from the hand. 


Killies, Guppies, and Their Relatives 
—Small but Usefid 


T 

X HE SILLIES, guppies, and their relatives compose a color- 
ful group. All are small, bat man has found a me for them Some are 
raluiblc Tomth .nirah, othm hdp pr^mt Ui. breedin. of mos- 
quiloo, ioj a lew are famoo, a, houwhold pels-imide .Iasi, of 
course. ° 

There are more than five hundred species in this group (order 
Cypnnodontes. a name meaning “toothed carp”). Most of them in- 
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habit frrsli water, but we find a siiiall ninubcr in brackish or saU wa- 
ters. The biggest sire o[ any ol them is about one foot. Flicy lack 
spines in the fins, and the poor development or absence of the lateral 
line on the body (although it is well developed on tltc head) is note- 
worthy. The best-kno\stn families are: the North American cavefishes 
(Amblyopsidae); the egg-laying lopminnows or killifishes (Cyprino- 
doniidac); the live-bearing topminnows (roeciliidae); and the four- 
eye fishes (Anablcpidae). 

We know about eight species of North American cavefishes. Witli 
one or two exceptions they are small pink and wliite fishes without 
eyes, that inhabit cold, limestone eaves in the central part of the 
Unitctl States. The two hundred or so egg-laying topminnows arc 
found on every continent except Australia and include such interest- 
ing creatures as the mumtnicliog and the desert minnows, together 
witli a number of popular, colorful bome-aquarium fishes. The well- 
known gttppy. and the platyfishcs. swordtails, and nrolliM belong 
among the live-bearing topminnosvs. This family was originally found 
only in North, South, and Central America and the West Indies, but 
several of Its memben have been delibemely or accidentally mtro- 
tluccd into many other parts of the world. 


Tht Jlummlchog. or Killie. ftmdului IMcrcMui, an live in poi- 
iiitcd and diiuled lea waler that would quiclly be fatal to most ult- 
water rnliea. Altliougli primarily a Mli-watcr bih. it oltcn goes into 
bractidi and trail watrr, ol iu own trre will, rspccially in the jpring. 
It can alio williitand drank cliango in ttmprraiura and can live out 

of waier for a considerable time. 

Ai mislit be expected with so adaptable an animal the mummi. 
chog is very eomtnon and ocent. in lat^e number, ritroughout Ihr 
Rreatrr pan ol in rauRr, from the Gull ot St. Ijwreuce -o Texai It « 
a ihallow walcr tisb but is somninies supposed to p imo dppra 
water onshore during .hr winter. Tltc toughness and asa.lab.l.ty ol 
the mummkho, lu.se made is a las-orite laboratory aniuusl. to h lor 
experiment. and traebing. IIund.ed.ot .dent.r.c paper, ah™, it base 
already been poblisbesl, and more are written eacli year. 
micliog Jos aided man in other ways. too. name y. a* a a 

as a deitroyrr of salt manh mosquitoes. i f,.i.— 

Mnmmiebogs are lillili.h and belong to a U.ge poop ol bsbn 
calletl topminnossx because a. a rule .hey bve just under the water 
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surface. Their mouths equip them lo feed at the surface, the lower 
Jaw being extended and the upper jaw foreshortened so iliat the 
mouth opens practically at a level with the top of the head. A wide 
variety of foodstuff, both plant and animal and both living and dead, 
is consumed by the mummichog. ^^aximum sire is from five to six 
inches, the females being slightly larger on the average than the 
males. 

The male mummichog is more brightly colored than the female, 
and during the breeding season, svhich U early spring to late summer 
depending on the latitude, his colors become especially brighL It has 
been shown by experiments that this type of color is strongly influ- 
enced by male hormones (internal secretions produced by the testes). 
At breeding time the males pursue the females ardently and fight 
fiercely svith one another. The sticky eggs are laid on the bottom or 
on stones or plants. They hatch in from nine to eighteen days, and the 
young are further advanced in development than are most baby fishes 
just hatched from the egg. 


The Desert Minnow, Cyprinodon mocutarius, is one of a number of 
fishes that live in the aceks, springs, and svater holes of American 
deserts. Like several of them, the desert minnow is able to withstand 
high temperatures that would rapidly kill the great majority of fishes. 
Desen minnows have been found in natural waters that reach lOO® 
Fahrenheit and have lived comfortably in aptivity at tor degrees. 
(Thb is the temperature of a warm bath.) The highest temperature 
at which an American fish has definitely been found living in nature 
is 104 degrees, in a hot spring near Death Valley, and the fish in- 
volved is a close relative of the desen minnow. 

Strangely enough, the desen minnow can also withstand loiv teiu- 


peratuTcs. nearly down to freezing in certain circumstances. It is also 
quite tolerant of changes in the amount of salt and other dissolved 
chemicals in the water surrounding it. It can live in water that k ei- 
ther fresh or quite heavily charged with chemicals. 

The desen muinow is found through a large pan of the southwest- 
OT United States, the state of Sonora in Mexico, and Baja California. 
Adulu «e ateut two inches long. Males are a pale blue color that is 
opecully bnght during breeding. Females are brownish and more 
pugnacious during breeding; they 
fight lustily with one another at this time. The adhesive are laid 
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singly or in clusters, and slick to the bottom or to plants. Young des- 
ert minnows grow very rapidly and become mature in less than four 
months. There is evidence that the fish breeds the year 'round in 
some of tile warm springs it inhabits. 

'The Guppy, Lebistes reticulatm, has introduced more people to the 
problems and satisfactions of keeping tropical fishes as pets chan any 
other member of that group of small, wann fresh-water species now 
maintained in home aquaria all over the world. Its bright colon, in- 
cessant activity, interesting reproductive habits, and, above all, its ex- 
treme hardiness have made it one of the most popular and best known 
of all fishes. 

Scientists, too, appreciate some of these characteristics, and guppies 
have been employed in studies and experiments for the past thirty 
years with ever-increasing frequency. T!»e guppy has proved beneficial 
in still another way. In fact the first use to which the fish was put was 
to aid in the control of the mosquitoes carrying that world-wide 
scourge, malaria — by eating up their aquatic larvae. 

Originally found in the streams, ponds, ditches, and the brackish, 
coastal waters of noniiern South An)eric.i. Trinidad, Antigua, Bar- 
bados, and the Windward Islands as far north as St. Lucia, the guppy 
has now been transplanted to many parts of tlic tropical world, includ- 
ing such widely separated localities as Ceylon, Singapore, Borneo, 
Tahiti, the Hawaiian Islands, and Argentina. Not all the introduc- 
tions rverc for the purpose of mosquito control, however. A few were 
accidental, the fish escaping from captivity in garden pools. Others 
were made by fish fanciers simply "for the fun of it" — a very danger- 
ous practice, since foreign animals can become veritable plagues: wit- 
ness the rabbit in Australia and the carp in the United States. For- 
tunately, the guppy does not seem to have become a pest in any of 
those widespread places in which it has become estahlhbed, except on 
the island of Mauritius, where it is said to be very destructive to the 
eggs of certain edible fishes and crayfishes. 

So numerous in parts of its original home that it is called the "mil- 
lions fish,” the guppy is apparently as successful in the wild as it is in 
captivity. It feeds on a variety of small foods such as adult and larval 
insects, the eggs of other fishes, and algae. In turn, the guppy is 
preyed upon by a number of larger fishes and by some birds. 

In nature male guppies rarely exceed three-quarters of an incli. 
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while females regularly grow to twice that length. Males are colored 
ss-iih paldies of pastel reds, oranges, yellows, greens, and violets and 
with a few black spots. So s'arious are their color patterns that no two 
seem exactly alike. 

Fanciers have taken advantage of this great natural variability to 
create dozens of differently colored strains by selective breeding. Ex- 
periments have shown that these masailine colors are under the in- 
fluence both of the heredity and the hormones of the fish: they are 
inherited, but need the presence of the male hormone for full devel- 
opment- Female guppies have deeper bodies than males and lack their 
bright coloK. In captivity, however, some strains that have malclikc 
coloration have been developed through selective breeding. Fancy 
strains of albino guppies, golden guppies, and guppies with peculiarly 
shaped tails are also now esuMished. 

Guppies are viviparous, that is, they bring forth their young alive. 
Under the best of conditions, females can have their fini brood in 
less than three months. First broods ate quite small in number, but 
the female continues to grow alter reaching maturity, and for this 
reason and otliers, her broods become larger, too. The average maxi- 
mum number of young bom at one time is in the neighborhood of 
fifty, but broods as large as i*6 have been reponed. The minimum 
time betiveen broods is twenty-three days but usually twenty-eight or 
more days elapse. The young arc nurtured within the female's ovary, 
not the uterus as in mammals; but it has been shown that, like the 
mammal, the mother fish contributes nourishment to her developing 
offspring. FertilitaUon is effected by means of the gonopodium, U>e 
modified anal fin of the male. 


Male guppies seem to be aident gallants, for they court the females 
almost incessantly. The latter seldom take any heed of their antics, 
howeser. save to flee from the attentions of some too-persistent suitor. 
FcmiB ha« had as many as right broods after being isolated from all 
other fish Thu is made possible by the ability to store the male sexual 
element for many months. 

Guppio live ID be about three pear, oU. In nature, and aptiviip 
too. young are bom the year •tound. although reproductive activities 
ar^sually move .nteiue at utuie seasons ol the year than at others. 

Tlie guppy nus 6m luiponed alive into Germany in 1908. At that 
™ Sruemlly thought to be Giravdf. 
guppl'i- u name had been proposed in honor of Dr. Robert 
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Lcclimerc Giippy, a scicntht h'Iio lived on Trinidad. Some five yean 
later it was definitely sliown that, according to the international rules 
of scientific nomenclature, the fish's correct name was Lebisles relicu- 
talxis, but by the time tins fact became known, the popular name, 
guppy, had become too ivell established to be changed. 

The Mosquito fish, Gembtuid affinis, has been transplanted into more 
than seventy different countries to help man in liis never-ending bat- 
tle against the mosquitoes, especially those that transmit malaria. 

Originally found in northeastern Mexico and much of southeastern 
United States — as far north as southern Illinois and New Jersey — this 
small fish, since 1905, has been introduced into every continent except 
Australia. It has become a tenant of stich far-flung islands as Cyprus, 
Ceylon, Guadalcanal, Samoa, Tahiti, Hawaii, die Marianas, Fijis, 
Philippines. Carolines, Ryu-Kyus, and Celebes. Within the United 
States, the fish has been carried to the West Coast, and a cold-resistant 
strain has become established as far north as Chicago. The mosquito 
fish is now the most tvidely distributed fresh-water fish in the world. 

Althouglt mosquito fish do not totally eliminate mosquitoes chat 
breed in the water they inhabit, they have been found highly efficient 
in keeping the number of those pests quite low. One captive adult fe- 
male was seen to consume more than i^o mosquito larvae in the 
course of ten hours. Sucli gluttony svould undoubtedly be rare under 
most natural conditions, but the observation gives an idea of the rave- 
nous appetites exhibited by these small fish. 

Female mosquito fish occasionally reach a lengtJi of two and one- 
half inches; usually they are about one and three-quarter inches long. 
Males arc smaller, never attaining one and one-half and rarely exceed- 
ing one and one-quattcr inches. This difference in sire results mostly 
from females continuing to grow throughout life, while males prac- 
tically cease growing once they have attained adulthood. Females also 
live longer than males, the maximum life span in nature usually being 
not more than fifteen months. In any given locality there are almost 
always many more females than males. 

In tropical regions, mosquito fish breed all year 'round, but where 
winters are cool or cold, they breed only during the wanner months. 
The young are born alive, an average brood consisting of forty to 
fifty babies. These are about five-sixteenths of an inch long at birth, 
and as many as 315 young have been found inside a two-andone- 
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half-inch female. Females have a brood every three to four weeks, but 
in the north at least, have no more tlian four or five broods before 
old age sets in. All this adds up to a tremendous reproductive capacity 
for a live-bearing animal and helps to explain the usefulness of the 
mosquito fish in reducing the number of mosquitoes. 



^fak inosquila 6sh ate easily distiiiguishtd hom temalo by the 
pttsence ol a gonopodiitm, the modifital atial En used in lettilitation. 
The dtvrfopmtnt o! this sintautc— and ot other masculine chatacter- 
uuca loo-ha. bccti shottn to be dependent upon the ptesence of male 
sex hotmone. As m many othei liee bearing Eshes, it it possible lot 
the leinale mosqoito Eih to have sevetal btoods aftet a single contact 
with a nulc. As many as Eve tnccessivc littets have been observed in 
females that tvetc isolated in small aquaria. 

Tlte loo^l mosquito Sih does not consul solely oi mosquito larvae, 
ol coutie. -ney will eat practically any animal. ptovliS it is small 
enough, and also small plants, opecially algae. They ate also not 
at etse to eatmg theu own young, botl, in captivity and naiute. 
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The Common Platyfish, Xtphophortu maculatus, is endowed with a 
more extensive series of fixed color patterns ilian any other backboned 
animal in North America, and perhaps in the whole world. More 
than 150 different color varieties of common platyfish have been 
found in nature, and, with further collecting, still more will undoubt- 
edly be discovered. Platyfishes show several kinds of black spotting, 
located on many different parts of the fish’s body and fins. If the 
three different rcd-pigmenccd pattmu and the one or ttvo blue ones 
— that are also found in combination with the black ones — are con- 
sidered, the total number of color varieties would be several times 
150. 

Except for this extreme variability of color pattern, the common 
platyfish is not a fish of striking appearance. It grows to a length of a 
little more than ttvo indies, females being slightly larger than males. 
A male can be easily distinguished from a female by his gonopodiiim, 
which is the anal fin modified into a sticklike organ used in fertiliza- 
tion. 

The female common platyfish gives birth to living young, At the 
height of her reproductive capacity she has a brood every twenty-eight 
days. The period of gestation is only twenty-one days, however, for 
the nesv brood does not start to develop until a week after the pre- 
ceding one has been born. At birth, baby platyfish are a Utile less 
than a quarter of an inch long. They are able to swim and imme- 
diately seek shelter among floating plants at the top of the water if 
these are available. The largest brood on record is that of a wild- 
caught female who had 168 tables just ready to be liberated. 

Common platyfish inhabit lowland fresh ^vaiers of the Atlantic 
drainage in British Honduras, Guatemala, and southern Mexico, ex- 
cluding Yucatan. They prefer slow-moving, weedy waters, but have 
been found in a number of different types of streams, lakes, ponds, 
ditches, and temporary pools. They feed on both small animals and 
plants. 

Tropical-fish fanciers are well acquainted with the common platy- 
fish. Since 1907, when the first living specimens were imported into 
Germany, tliey have been one of the hobby’s favorites. Fish breeders 
have developed a number of colorful strains, including blue, gold, 
black, and red ones. One popular strain, the wagtail, was originated 
at the New York Aquarium. In this, the rays of all the fins are heavily 
pigmented, giving to them a black, lacelike effect. 
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The Mexican Swordtail, Xiphophorxts helUn, is a close relative ot 
the common platyfish. It, too, is a popular fish with home aquarists 
and was first imported alive into Germany in 1909. two years after 
the piatyfish. One ot the first things the German aquarists discovered 
was that the swordtail and platyfish could be cross-bred. From these 
crosses a number of beautifully colored hybrids developed. For exam- 
ple, all of the ted platies and swordtails sve commonly see in pet 
shops and home aquaria are hybrids; one may have to go back many 
generations, however, to discover the original cross. 

It is a strange fact that although the common platyfish and the 
srvordtail are frequently found in the same ponds and streams of 
Mexico, they never hybridue in nature. Apparently they will only 
rross-breed in the confines of an aquarium. 

The outstanding feature of the Mexican swordtail is the "sword" 
which is carried by the males. Tlus is a long, pointed extension of the 
lower pan of the uil fin. The largest nvorduil males are more than 
six inches long and about half of this length is made up of sword. To 
what use the fish puts its sword is not knotvn. It has been suggested 
that the sword is displayed during courtship, but whether it actually 
excites or entices the female is questionable. 

Swordtails are found in the Atlantic drainage of Honduras, British 
Honduras, Guatemala, and Southern Mexico, excluding Yucatan. 
Tlicy seem to prefer higher, cooler waters than the common platyfish, 
although the two species, as mentioned before, often live together. 

Certain kinds of platyfish-swordtail hybrids regularly fall victim to 
black cancer, called "melanoma." and they have therefore been lued 
in medical research on this disease. In the Genetics Laboratory of the 
New York Aquarium, located in the American Museum of Natural 
History, there are hundreds of tanks conuining special strains of dif- 
ferent kinds of platyfishes and swordtails that are being studied and 
experimented with in many ways. These fishes are fast becoming 
aquatic counterparts of the while rat and guinea pig. 

The Tonreye Fish, Anableps anabteps, which cruises at the surface, 
has eyes so Avonderfully constnicted that it can see above and belosv 
water at tlie same time. The pupil of the eye is actually dumbbell- 
shaped, and ilic fish s^vims with the upper part out of water and the 
lower part submerged. This arrangement and the difference in curva- 
ture of the corresponding paru of the lens are such that objects both 
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alxivc and below ibc surfaic of the water are fennsed on different 
regions of the retina at the same time. Iliiis, fonreje fish can be 
aware of what is going on in iss-o rlcmcnis at once. 

The fish seem very alert, too, for they are among the most difficult 
of alj fishes to catdi. At the slightest disturbance or movement on 
shore, fourq'c fish skitter away. Tliey appear to know exaaly how a 
net ss*ori.s, and more often than not whole schools ss'ill escape capture 
by hurdling the top. Nor will they take the lly or be angled in any 
other manner. Some fislicnnen capture them svith casi-ncis at night, 
at whidi time they can be blinded by lorclies, and imiseum collectors 
have resorted to shooting them with scatler-shot. Despite the diffi* 
oiUies of capttire, foureyc fish arc sold for food in some South Ameri- 
can markets. They rcacli a length of about one foot. 

Foure)c fish inhabit fresh or brackish waters in streams, lakes, and 
tidal flats. Their somewhat elongated, cylindrical bodies are flattened 
on lop, and as tljcy swim at the surface, only iheir eyes project out of 
the svater, these being elo-atcd as in a frog. Tlie fish feed on algae 
and on Insect adulu and lars-ae and small crustaceans, found at or 
near the water surface. Foureyc fish are bom alive. Tliey are one and 
three-qtiartcr tnclics long at birth, and a nitic-lnch female may have 
from six to thirteen in a single brood. The female’s ovary. In which 
tftc eggs are produced and the young nurtured, contains an elaborate 
apparatus for the nourisliment of the developing offspring. 

Tills species of foureyc fish is found in northern South America 
along the Atlantic drainige and in Trinidad. There are two other spe- 
cies, one from South America and the other from southern Nfexico 
and much of Central America. 




Needle Fishes, Flying Fishes, 
and Halibeaks 


li’ 

Lishes of this group are fascinating natural entertainen. 
Needle fishes skitter about the surface of the water Hkc living javelins; 
halfbeaks are flip-flop artists and wrestlers; and flying fishes are aquatic 
aviators. They live mostly at the surface of tropical and warm ictnpei' 
ate seas, and range in length from about one inch to five feet. 

Some fifty needle fishes or marine gais-'thin but savage hunters— 
comprise the family Belonidae. From sixty to seventy-five different 
halfbeaks (family Hemirhamphidae) have also been accounted for. 
Several members of both these groups enter streams and lakes oc- 
cisionally. and others do so regularly. 

In certain lakes and streams of southeastern Asia, the East Indies, 
and the Philippines, there arc small hatfbeaks that never live in the sea. 
Unlike other members of the order, some of these give birth to living 
young. The Siamese selectively breed one of them, DermogenyS 
pusiUus, for combat, as they do the better-known Siamese fighting 
fish. These tiny halfbeak males fight by grasping each other with their 
jaws and wrestling, sometimes for hours at a time. The family Exocoe- 
lidae is made up of the flying fishes, of which there are about sixty 
species. 

Tlie fishes of this order hav'c curious jaws, to which they owe their 
scientific name (Synentognathi — it means “with inner jaws”). You 
can recognize them by the ladi of spines in the fins and by the high 
attachment of the pectoral fins. The dorsal and pelvic fins are located 
to the rear and the lateral line has a low position. 

The Atlantic Needle Fish, SlTOn^lma marina, lives at the surface of 
waters along the cast coast of the United States, from ^^aine to Texas. 

1494 
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and it seems admirably equipped for the predatory life it leads. Its 
silvery body is cylindrical and extremely thin; a specimen six inches 
long is scarcely bigger arourtd than a lead pencil. About one-fifih of 
its total length is occupied by its jatvs wliicli arc prolonged into a nar- 
row, bill-like stnicture and lined their whole length with numerous 
sharply pointed teeth. It preys almost exclusively on small fisii. The 
needle fish usually catclics its victim crosswise between its jaws, art- 
fully juggles the hapless fish about until it faces the mouth, and then 
stvallotvs it avhole, head first- Occasionally shrimp are also caught and 
eaten. 

Tire eggs of the Atlantic needle fish are provided with tufts of long 
tendrils, wiiich entangle the eggs with any object they touch. Devel- 
opment apparently takes an unusually long time even at high tem- 
peratures. So far as known, these fish reproduce during the summer. 
For a while, the lower jaw of the young needle fish is much longer 
than the upper one: not until it reaches a total length of at least six 
inches does its upper jaw approach the lower one in sue. Atlantic 
needle fish four feet long are on record, although very few exceed 
two and one-half feet. 

This species is much given to leaping and skittering over the wa- 
W. .urfacc, like a Jilvery javelin. It also occasionally hurdles small 
noalinj objccu like sticks. Other species ol needle fishes indulge in 
ihil peculiar behavior qiiiie frequently, jumping again and a^in over 
a floating straw, twig, stick, leaf, feather, or piece o paper, o com 
pletcly satisfactory explanation of these antics has yet been forthcom- 
ing. In certain instances it seems as if the fish are trying to scrape tiny 
parasites off their bodies. Another possible explanation is that they are 
playing, but no one knows just what animal play is. especia y 
among fishes. 

Like a good number of other needle fishes, the Atlanuc species trav- 
els up streams and can be seen living in fresh water. 


The Haltbeak, Hyperhamphm unifntemlur, seems aclually to possess 
halt a beaki It has a short upper jaw. only about one-half an inch long 
in the largest specimens, but its lower jaw is much longer, being e g 
or more times the length of the upper one. There are no teet 
projecting jaw. nor dL it ever seem to be used as a spear or br»d. 
sword. Whin food is seized b, die halfbeak, the upper. 
jaw is moved. In the present fiagmemary state of our knowledge 
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about these fishes, the exact funaion o! this peculiar structure remains 
a matter of guesswork. 

Halfbeaks feed on small crustaceans, mollusks, and on vegeublc 
matter, mostly algae. They spatm in the summer, laying semi- 
buoyant eggs. Very small individuals have no beak, but when they 
are slightly longer than one-half inch the lower jaw begins to elon- 
gate. A maximum size of about one foot is attained. 

This species is found from Massachusetts south through the West 
Indies, and it is common south of Chesapeake Bay. Like other half- 
beaks, it habitually lives at or near tlie surface. Specimens have been 
seen flipping themselves over small floating objects such as match boxes 
and bits of seaweed. The fish swims up to the object and places the up 
of its lower jaw just under It. A violent flip follows, and the fish lands 
on the other side, generally facing in the opfKKite direction. This per- 
formance may be repeated a halfJoren times. What it means is a 
mystery. Some species of halfbeaks nuke great leaps over the u’ater 
or propel the forepart of their body out of II sculling themselves along 
with their tails, which is the only part remaining in the svaier. This be- 
havior closely resembles the taxiing of their relatives, the flying fishes. 
The Twowing Flying Fish, Exocoetus voUtans, is the commonest fly- 
ing fish of the Atlantic and is also found in the warm portions of the 
Indian and Pacific Occam. It is a truly oceanic fish, most frequently 
seen in tropical mid-oceans. U reaches a length of seven inches. 

This fish has greatly enlarged pectoral fins, and these constitute its 
wings. 'With them the fish can glide through the air — which it often 
does when disturbed by a ship or pursued by some larger fish. The 
avowing flying fish has no teeth and feeds upon plankton (minute 
plants and animals floating at or near the surface of the sea). 

Ripe spedmens have been taken during the first half of the year. 
The eggs are smooth and arc pelagic, that is, they float at or near the 
surface of the open sea. 

The Atlantic Fourwing Flying Fish, CypseluTus helerurus, is one of 
the species of flying fishes seen from shipboard by travelers sailing 
around Florida and the West Indies and in the Mediterranean. In 
this species both the pectoral and pelvic fim are enlar^^, triving the 
fish two pairs of wings. “ ** 

For many years it svas argued whether flying fishes flapped their 
wings like birds or glided like airplanes. Anatomical studies have 
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shown the former method to be an impossibility, since flying fishes 
completely lack the bulky muscles necessary to work flapping wings 
—such muscles as compose the mealy breast of a bird. Nevertheless, 
many observers claimed that they saw the fishes’ wings move, espe- 
cially during the first stages of flight. ^ e u ■ 

A study of the structure of flying fish from the viewpoint of the air- 
plane designer has proved that their wings arc sufficiently well de- 
igned to support them in gliding flight. Very careful observations in 
nature confirmed this and revealed just how the fiymg fidi start! 
and maintams it! glide; they also showed that 
fiapping- was an optical illusion created in part by the instability o 
the fish when taking' oil. Finally, stroboscopic photography, winch 
shows the successive step! o! a movement, no matter 
confirmed what had been previously deduced trom theory and from 
wind-tunnel experiments. , . 

Swimming very rapidly in the fashion of most 
and pelvic fins held close to the body-the lounving flying fish dr v 
the front part of its body out of tvater into the air. It 
great pectoral fins or wings, and these provide ^tmnS 
die body in the air-all ex«pt par, of the tail The 
tail fin of flying fishes is half again a. long as the "PP'' 
lobe acting as a scull, the fish taxU lor perhaps a 
enning all the while. Finally the fish spreads its pelvic ^ * 
added lilt raise, die uil on. of the water. The fish now glides freely 
above the ocean’s surface. , , e- „ 

The usual nigh, of a fish of this type ium 

and lasu not quite three seconds. The speed o ^ 
ihirly.fivc miles per hour, being about forty at t e nights 

five a. the finish Much longer flight! am possible, "g” 

lasting thirteen seconds have been recorded with a ““P 
good pilots, flying fish generally take off '"1° ' ® ..’during flight 
tirelyUible that they take advantage of wmd 

lor have consideiible manenverability m air and can bank and 

adjust the anele of their wings. , We tail fin to 

Often the fourwing flying fish allow the ower o j^ore, re- 

drop back into the water during flight and then 

gaining flying speed. Any ’“B'' “““j? ‘7aps have Len ob- 

two such leaps, but as many as eleven success P j 

scr^•ed before the fish finally dropped back into the P 
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about these fishes, the exart function of this peculiar structure Tcmaim 
a mailer of guesswork- 

Halfbeaks feed on small crustaceans, mollusks, and on vegetable 
matter, mostly algae. They spawn in the summer, laying semi- 
buoyant eggs. Very small individuals have no beat, but ivhen they 
arc slightly longer than one-half inch the lower jaw begins to elon- 
gate. A maximum siie of about one foot is attained. 

This specirt is found from ^fassachusetts south through the West 
Indies, and it is common south of Chesapeake Bay. Like other half- 
beaks, it habitually lives at or near tbe surface. Specimens have been 
seen flipping ihemsclv« over small floating objects such as matdi boxes 
and bits of seaweed. The fish swims up to the object and places tlie tip 
of its lower jaw just under IL A violent flip follows, and the fish lands 
on the other side, generally facing in the opposite direction. This per* 
foimance may be repeated a half-dozen times. WTsat It means is a 
mptery. Some species of halfbeaks nuke great leaps over the water 
or propel the forepart of their body out of it. sculling thenuels'es along 
with their tails, which b the only part remaining in the svaier. This be- 
havior closely resembles the taxiing of their relatives, the Bying fishes. 
The Tvfowing nylog Fbh, Exocoelus volilans, is the commonest fly- 
ing fish of the Atlantic and is also found in the warm portions of the 
Indian and Pacific Oceans. It is a truly oceanic fish, most frequently 
seen in tropical mid-oceans. It reaches a length of seven inches. 

Tills fish has greatly enlarged pectoral fins, and these constitute its 

wings. With them the fish can glide through the air which it often 

does when dbiuibed by a ship or pursued by some larger fish. The 
twowing flying fish has no teeth and feeds upon plankton (minute 
planu and animals floating at or near the surface of the sea). 

Ripe specimens have been taken during the first half of the year. 
The eggs are smooth and are pelagic, that is, they 8oat at or near the 
surface of the open sea. 

The Atlantic Founding Flying Fbh, Cyprelurus heUruTUs, is one of 
the species of flying fishes seen from shipboard by travelers sailing 
around Florida and the West Indies and in the Mcdiierranean. In 
this species both the pectoral and pelvic fins arc cnhrgcd, giving the 
fish two pairs of wings. 

For many years it was argued whether flying fishes flapped their 
wings like birds or glided like airplanes. Anatomical studies base 
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sliown the former mctliod to be an impossibility, smcc flying Bslies 
completely lack the bulky muscles necessary to work happing Kings 
— siicli muscles as compose the meaty breast of a bird. Nevertheless, 
many observers claimed that they saw the fishes' wings move, espe- 
dally during the first stages of flight. t v • 

A study of the structure of flying fish from the viewpoint of the air- 
plane designer has proved that their wings are sufficiently well de- 
s^igned to support them in gliding liiglit. Very careful observations in 
nature confirmed this and revealed just how the flying fish starts 
and maintains its glide; they also showed that the strcalled sving 
flapping" was an optical illusion created in part by the instability of 
the Ash when taking' off. Finally, stroboscopic photography, whiib 
show, the successive steps of a movement, no matter I'™ ”P'“' 
confirmed what had been previously deduced from theory and from 
wind-tunnel experiments. . , .. 

Swimming vc^ rapidly in the fashion of most ''i*'-"'"' 
and pelvic fin, held close to the body-tbe fourwmg nyiB '»>' 
the front part of its body out of svater into the air. I e p 
great pectoral fins or wings, and these provide ^ 

the body in the air-all except part of the talk The ^ 

tail fin of flying fishes is half again a$ long as the • , 

lobe acting a. I scull, the fish taxis lor perhaps a 
erating alf the while. Finally the fish speeds its pelvic S- 
added lift raises the tail out of the water. The s g 

“‘T;V“gh:“olTfisl. of this type covets roughly fifty yard. 

and la, “no. quite three second,. The speed of fllgh. ^bont 

thirty-five mill pet liour, being abon. forty a. the 

five at the finish Much longer night, are possible, however "ights 

lasting thirteen second, have been tccotded will, a 

good pilots, flying fish generally take off mto t le wt ' nj . 

Lly ^possible that diey take advantage of wind 

tor .1,^ have considerable manenverability m a.r and ean bank 

adjust the ancle of their wings. , j, f.n fin to 

Often die fonrwing (lying fish allmv. the lower lobe of ns ud fin^t^ 
drop back into the water during flight and l cn 
gaining flying speed. Any single flight usually co 
two such leaps, but as rJny as elev^ ,r/omnlLly 

served before the fish finally dropped back into the w P V 
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These compound flights naturally last longer than do the simple ones. 
The fish may remain out of water— excqjt for lU tail fin — for half a 
minute or so, and may travel a quarter of a mile. Ordinarily flying 
fish glide from three to six feet above the water's surface, but air cur- 
rents may lift them much higher— onto the decks of ships for example. 

To end its flight a fourwing flying fish simply closes its wings and 
falls into the water, sometimes head first, sometimes belly first, occa- 
sionally even upside down. Flights are made both at night and in the 
daytime. Flying fishes seem to be attracted to lights, and a number 
meet untimely deaths by crashing into ships, landing on decks, and 
flying through portholes at nighL 

The Atlantic founving flying fish is dark above and silver below in 
color. The wings, that is, the pectoral fins, are a uniform gray svith a 
single lighter band extending obliquely outirards across them. 
Younger specimens have their wings quite differently marked. In fact 
the fish goes through a remarkable series of changes involving both 
color and structure as it grows up. Among ether things, the young up 
to a lengili of at least three inches have a pair of prominent barbels on 
the chin. All this t^-as quite perplexing to scientists, who described the 
young stages under a number of different names and confused them 
with other species of flying fishes. A nia.ximum length of somewhat 
over one foot is attained by the Atlantic founving flying fish. 

The food of flying fish apparently consists only of small animals 
and plants floating in the sea. Young specimens have been seen pok- 
ing around in floating seaweed and caidiing small creatures there. 
Flying fishes are themselves preyed upon by a number of different 
fishes, the most notcu onhy being the dorado, or dolphin. Certain sea 
birds live almost exclusively on Hyinv fish. 

Reproduction in the Atlantic fourwing flying fish occurs during the 
summer. The one-sixieenth-inch spherical eggs are attached to each 
other by means of numerous tendriis which run out from the surface. 
Tl^ey are also attached to very long filaments so that they look like 
groups of tiny beads on somewhat Ungled skeins of fine cotton thread. 
These filaments are found wrapped around all sorts of floating objects 
like seaweed, sticks, branches, cork, pumice, and the discarded straw 
sviappings of wine bottles. The utility of this arrangement becomes 
apparent when we realize that Uic eggs and threads are heavier than 
water, and it they were not buoyed up, they would sink to their 
death in the cold, sunless depths of the sea. The young are about one- 
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louith ot an inch long when fint hatched. For some time they 

in or around their floating cradle before taking up an existence in the 


Tl,e Atlantic lourwing flying fish has been found as far north as 
Massachusetts and Notsray, but occurs in numben only m ''»■ 
ters. The Utrill ot unexpectedly seeing a group of these [>»'' 
leave the water and gracefully sail throng the atr or a lu 
or more before dropping back into the sea is a memora e o 

The California Flying Fish. Cyfsclurus ceh/omicut, “ 

length ot eighteen inches and is probably the largest of all fly ng 

fishes. It occurs in schools from Point Concept.on 

West Coast to Baja California, ft is one of the founwinged typ , 

and is colored deep blue on its back and sides and 

belly. This species is one of the sighu around Santa &ta na Island, 

where its spectacular flights are svatched by numerous 
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caught during certain seasons of the year, hovicvcr, off Barbados, In- 
dia. and the Celebes. In the latter two places they are lured by 
bunches of leaves and twigs svbich the fishermen tlirow on the sur- 
face of the sea. The fish congregate about this Roaiing material to lay 
their eggs. The California Sying fish is regularly taken \dth gill-nets, 
but is not used for food to any extent. Instead it is employed as bait 
for marlin fishing. 

The life history of the California flying fish is practically unknown. 
The eggs and larval stages have been described, but srhere the eggs 
are normally laid is a mystery. They arc about one-sixteenth of an 
inch in diameter and rather evenly covered with filaments. kV’ithout 
doubt they are laid on floating objects or seasceed. Young California 
flying fish possess a peculiar semicircular, many-fingered outgrowth 
on the chin during one stage of their dcselopment. This modified 
barbel is red in color. 


Cods and Their Relatives 
—Leading Foodfisb 


Ike cods and thdr relatives are important to us as food- 
fish. The cod. tomcod, haddock, pollack, coalfish. cusk, ling, w-hiting. 
hake, and stockfish, all of which arc used for food, are among the 
150 knos»-n species of a single famfly (Gadidae). Mostly they in- 
habit northern seas; relaihdy few are found in the tropics or South- 
ern Hemisphere. Th^ spend a good deal of time on or near the 
bottom, but are not deepsea dwelleis. The Urgest member is the At- 
lantic cod; most. ho«c\-er, are much smaller, weighing less than five 
pounds. 

The grenadiers and rattails (bmlly Macruridae) are deep-sea crea- 
luTCs with long, tapering bodies; both the second dorsal fin and anal 
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fin run into the pointed tail fin with no perceptible break. Tins large 
family is found in all of the oceans, including the Arctic and Antarc- 
tic. . . . 

The fishej of this order show a peculiar mixture of both primitive 
aud advanced characteristics. Their distiuguisiiing features include 
the arrangement of bones in the skull: the position o l ie venira ns 
in front of the pectorals, near the throat; and the lack of spines in the 
fini (save tor a single one in the dorsal of some of the penadim). 
t.hich gives Uiem their seientilie name, order Anacanlhmi ( svithout 
spines"). 

The Allamie Cod. Gediis cnllanar. annually provides ''1*'=™'" 

on the North American banks off the northerutem coast o 

tinent svtih more than a billion pounds of fish. New oun 

almost half of this, with Canada. France, the United States, and For- 

lugal sharing most of the rest. Other European coimiric . 

are also represented on the Banks. ...» 

Cod held first place in the New England ^"/Tn-Lcioal 

and was a mainstay of early American economy. One p 

reasons for this svas that cod salts down **P*f'^ ^ 'l«,.Tved in those 
was the only way large quantities of fish could e pr . 

days. With L dcvelopnlent of modem ^ 

haddock has supplanted the cod because it can e i 
and is somewhat more available geographically. troren 

Today codfish filets and steaks are principally sold J"*'' 

Some, however, are salted, smoked, or proce»cd mio fish 

fish oil. or cod-livcr oil, sva, the first economical ^ 

the sunshine vitamin, and although it is sii 

at present much more important for the \ itamm i j . 

Most American fishermen catch cod with 
dragged along the bottom, with isvo fixed nets 

net open). Sinking gill-ncis. traps, and fishing is 
With small openings) arc also employ • carrying as 

used extensively by Europeans, some of i c g 
many as three thousand hooks. Trasvlmg a hoiiom belonging 
ployLl .a great deal beousc cod live on or near 

to that great group of relatives (haddock, 

fish." sshich includes the various cods an Raifislics (hali- 

pollack, coalfish. ling, ciisk. bake, and whitingk the Kainsi t 
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but, flounders, turbots, and soles), the rockfishes (rosefish, bocaccio, 
chilipepper, etc) and the sablefish. 

Atlantic cod are found in water as deep as 250 fathoms but in the 
western North Atlantic are rarely taken deeper than 150 fathoms. 
They prefer cold tvater, not inhabiting any warmer than 50 degrees. 
They therefore frequent the coast of Connecticut. New York, and 
New Jersey only during the colder months, and further norlli mote 
offshore during the summer. In Europe the Atlantic cod straggles as 
far south as the Bay of Biscay. It is an important foodfish in the Irish 
and North Seas and in Scandinasdan waters. 



It SWEUS EUSOFEAN AND AMftICAN lAIDElS 

Om cf >h. Md Idpertgot (aorfibiwt «f tS* wocU. tlw Alfonlic cod i. at Kom* i" 

^d oatert el *• North AltaMc. Ik. fledi S> ool cipeUalV toMy. by1 hot I>m" o itop>* 
load Isr hcodred, •! yoork Tiw 0 «d« oil Ireoi »ha eod'i IWar b ased in tanniog Uol'**'' 
<■ MUog coop, eod b H-perio, rt-l. 

Commercully caught cod generally range from two and one-half 
to twenty-five pounds, but fifty-pound individuals are not unusual. 
The largest Atlantic cod on tcojrd was more than six feet long and 
weighed more than sit pounds. 

Ailaniic cod mamre from u.c age of i™ years on. roughly half of 
iliem being capable of reproduction by the time they are five years 
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old. This is an extremely prolific species; a forty-indi female can pro- 
duce annually from three to four million eggs, and one seventy-five- 
pound specimen was estimated to contain more than nine million. The 
season for spawning varies greatly from region to region, beginning 
as early as January in some places and ending as late as October m 
others. The eggs are buoyant and roughly one-sixteenth of an inch in 
diameter. Depending upon the temperature, they hatch in ten to 
twenty days. Development takes as long as forty days if the salt svater 
is as cold as 33 degrees. • , 1 

The newly hatched cod is about five thirty-seconds of an me 1 long 
and floats upside down, being held in that position by 
which is lighter than water, for about two days. For the following 
two and one-half months tlic baby Atlantic cod remains a mem er 
of the plankton — the enormous mass of floating or wca y swimming 
organisms of the surface of the ocean. It feeds on various tiny animals 
that float there along with it, and is fed upon in turn by others. When 
about one inch long it sinks to the bottom. By this time it as assu 
the general shape of the adult fish. e . r j. 

The food of the Atlantic cod is most varied, and the ^ 
on the bottom and in mid-water, and occasionally at the surface. 
Squid, clams, mussels, crabs, lobsters, shrimp, sea-squirts, 
all sorts, sea-urchins, sea-cucumbers, and brittle-stars are ^ 
invertebrates it consumes. It also cats many kinds of 

young members of its own species. Occasionally even a ^ 

found in the stomach of a la!ge cod. Rate of growth vanes m different 
localities; off the coast of Maine, cod atuin an average of fourteen 
pounds in two years and twenty pounds in three. 

The Haddock, Sfetoogrammio aegltfinto, i. the 
valuable American commercial firbery of .be north A Coa b 

Abon. .50 million pound, are landed yearly a mo,, all bemg fi.hed 
by meai of otter-trLl,. Mo,, haddock i, » d £re,h " 'v™. » 

comidemble amonn. i, ,mokcd. and .hen ‘‘no™ a, finnan hadd.e 
The haddock i, also a valuable toodfiah in the North Sea and aroun 

''Haddock are timilar .0 .he Atlantic cod in having 

two anal fin,, a ,ingle barbel under tfte lower , aw. and P''™ ““ 

located far fonvatd in '^aUine i, black initead 

in all fins. It differs from the cod m that iB lateral Ime 
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of Hslu, in the present e of a dusky blotch on its sides jtisi over the 
pectoral fins, and in the height and pointed triangular shape of its 
first dorsal fin. It does not grow nearly as large as the cod; the largest 
specimen ever caught was forty-four inches long and tveighed be- 
ttveen thirty-shc and thirty-seven pounds. 

In New England waters, haddock mature at three or four years 
of age, at a weight of two to three pounds; around Newfoundland, 
where waters are colder, maioriiy is reached a year or so later. Spawn- 
ing takes place from March through June. The small floating eggs 
hatch in two to four weeks, depending on the temperature. The young 
fish do not leave a planktonic existence until about three months old. 
svhen they arc between one-fourth and one-half inches long. They 
then take up life on the sea bottom, near which they remain the rest 
of their lues. 

Practically every kind of invertebrate inhabiting the bottom where 
it lives is eaten by the haddock. In addition, some swimming animal* 
like squid, shrimp, and fish are consumed. Haddock are known to live 
fifteen years or longer. 

The European Hake. Merluceius merluerius, ranges from Iceland 
and the coast of Norway to northwet Africa and the Mediterranean 
Sea. It b an important foodfish, over seventy million pounds being 
taken by British trawlers alone in the course of a single year. 

Although the European hake feeds in midwater, it is taken by 
trawls (which operate along the bottom) because it rests on the bot- 
tom during the day, catching fishes, crustaceans, and squid at nighi- 
In the late spring or summer. European hake move inshore to spawn, 
and in the winter move oE into deeper waters. The tiny eggs are 
planktoiiic, that is, they float at the surface of the sea. The young are 
also planktonic and do not take to the bottom until somcsvhat over an 
inch long. Female European hake grow larger and mature later than 
do males. A tsvo-ycar-old female is about eight inches long; a thirtecn- 
year^jld fish may be more than forty inches long. 

The SiUcr Hake, Merfucaus bifinearu, the Pacific Hake, 
iucciur frroductus, and the Stod^sh, ilferlucriui capensis, are close 
relatises of the European hake. The silver hake, found from New- 
foundland to the Bahamas, is becoming more and more popular as a 
foodfish: the Pacific hake, which occurs from southern Califomia to 
Alaska, is hardly used for food at all- The stockfish, however, is the 
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most important commercial fish of Soutli Africa. It is principally taken 
by trawls in depths as great as one hundred fathoms. 
fish frequents water as deep as hvt hundred fathoms. The stockfish 
attains a length of four feet and feeds on midwater aeatures such as 
squid, fish, and crustaceans. 

The Buebol, L„la tola, i. the only (teeh-teeter member ot the cod 
hmily. It is found in Eutope, Siberia, and northern North Amma 
far south as Connecticut and the basins of the Great es, e 
souri River, and the Columbia River. It inhabits cool streams and 
lakes, the latter to a deptli of seven hundred feet. e ur 
easily be distinguished from all other fresh-svater s es y P 
ence of three barbels — a single stout one on the c in an ^ 
smaller ones on the snout — and by Its slender, dar -co ore 
long anal and dorsal fins and the absence of spmes and prominent 

This fish is one ot North America's neglected ^p‘ 

though it is occasionally used as f^. desoite its 

patently discourages iu wide use in the Unite » 

edibility and availability. Like its salt-water *1" f 

very rich in vitamins, and this has been used as a source of these 
food factors by a few commercial enterprises. Canada 

The maximum she of the burbot in the Unaed ^ 
is thirty inches with a weight of ten poun^. P crayfish, and 
ciously, principally on other fishes ^ ing, the burbot 

fish eggs. In die dead of winter or very ea y n nisht into 

spawns, numerous males and females gathering 

ball, ,om™hat le„ .ban three lee, in .hameter, ""y t/tte bo, 
laid and fertilired. They are long contained 

tom. One female twenty-seven and one-halt men 
well over one million of them. 



Oartislies, Opalis, and Ribbon Fishes 
—Including the Sea-Serpent 


Autiiovgh this group ol fish« is little Ittiossti — even among 
experts on fish— it has a claim to fame: one of its members is largely 
responsible for that most famous of all mythical aeatures, the sea- 
serpent. The oarfish. which belongs to the Family Regaiccidae, is un- 
doubtedly the prototype of most of the talcs about snaUelike sea mon- 
sters, stories tvhich have been part and parcel of the lore of the sea 
since ancient times, and which regularly cop up in the neirtpapers 
and magazines of today. 

The fishes of this group are most dherse in body shape. But they do 
have in common the ability to protrude their jaws in a way different 
from all other fishes, (hence tfaeir scientific name, order Allotriogna- 
thi, or "strange jaws”) and also a few other special features in bony 
structure. 

The ribbon fishes or dealfishes, which ha\c long, ribbon-shaped 
bodies, comprise the ^mlly Tradiypieridac. The dorsal fin stretches 
almost the whole length of the fish and has a crest at its front end. The 
strange tail fin has a tiny lower lobe and a relatively tremendous, 
triangular, upper one. There are few species, mostly inhabiting ocean 
waters. The Opah, Lampris repus, is the sole member of the family 
Lampridae. It is a large fish with a body compressed from side to side 
but deep from back, to belly and with more or less sickle-shaped 
•jectoials, pelvics, and forward portion of the dorsal fin. The opah i* 
world-wide distribution in temperate and tropical seas. 

The Oarfish, Regaiecus glesne. Is responsible for many of the stories 
about sea-serpents. Its body is long and ribbon-shaped, being «- 
tremelv narrow from side to side. The fish reaches a length of twenty 
1S06 
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ha and a weight of perhaps si% hundred pounds. Wlicn it swims. 

it throws its elongated body into great 

parcntly live in tlie open ocean in many parts of t c nor 

limes at least swim at the surface. . . , i nn. r.„A 

Down the whole length of the oariish's hack ts dorsal hn and 
the first dozen or so rays of this are greatly elongate , ^ j 

or mane on top of the liead. When the oarfisli is exciled. tins crest 
erected. The body is silvery and the fins coral red. 

Is it any wonder that sailors, coming upon this 
tine undulating its great sinuous body and iladimg i s • 
aest, have sworn that they s.,w a sea-serpent? Not all such tales are 
based on the oarfish, but undoubtedly a goo many are. 


Sfiuirrcl Fishes and Firefly Fishes 


T.ir nrer-KNOWN memhen of tl.i. group ondoubiedl) 
are the "ish..prcwiin«^.ni.ee. Jisiies <ramn^^^^ „„„ 

large eyes and rougli. twice 

red. 'n.cy rarely exceed one loot. i»u 

armored denimis of eastern waters. 

Perhaps esen oslder are mmnrise the f.atndy Monocentri- 

thc pinecone fishes (l«-o . ,calcs, forming a ct>at of 

mail osrr the Ikx 1>. »'»« P ^mical as in the %a« m-sjonty 

in ll.e left and right. j„ ,,,, „„pical and trmpetalt In 

ol foiir.. Ihne^ne li.ho , p,i, „( 

disn and ■acfic ^ „„n„ ,|,e lower jaw. 

inull hnniTiou. organ, lucaim i 
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Rut light-producing organs arc much more spectaailarly develop^ 
in the family Anomalopidae from the tropical Pacific and Atlantic, 
as vre shall soon see. There are two or three species, including the 
firefly fish. Other less well-known families are also included m this, 
the Order Berycoidei (“like the Beryj^). which ukes its name from 
the Beryx, a typical genus. 

This group of fishes cxhlbiu both primitise and ads-anced features. 
The dorsal, the anal, and the \enaal fins have spines in their forward 
portions. The ventrals are located either to the front, under the pec- 
torals — the advanced, more “modem" arrangcincnt — or somewhat to- 
ward die rear, but not ail the way back as in the primitive, oMer 
fashion. Some of the bony stmaures are advanced, others primitive. 
The Squirrel Fish, Holoeenlrus ascemionis, usually remains hidden 
during the day in iu native home, and leaves its hiding place at night 
to forage for food. In captmry, however, it soon begins to venture 
forth regularly during d3)nght hours. A number of fishes are capable 
of radically changing their natural way of life when brought into 
capuvity, adapting themselves to chang^ conditions in a remarkable 
manner, and the squinel fish is one of them. 

In common with a number of night-prowling and deep-sea fishes, 
the squirrel fish is colored red. It also shov*s silvery and brownish 
tinges, and iu prominent eyes are deep black. It has a single sharp 
spine on each cheek. 

Although not caught In large numbers, this fish is often used for 
food when it is captured. Maximum size is usually about one foot, 
but two-foot specimens are known. Squirrel fish inhabit the ocean 
waters of Rermuda and those from Florida southward to Brazil. 

The Firefly Fish, Pkotoblfpharon palpebratiu, swims about the coral 
reefs of the Banda Sea in the East Indies, flashing its light organs like 
a great aquatic firefly. Under each eye is a Battened, semi-drcular or- 
gan, with a diameter somewhat greater than that of the eye itself, that 
shines v*-ith a bright lighL Althou^ this light is emitted coniinuonsly, 
the fish is able to turn it on or off by cov ering or uncovering the organ* 
with a fold of black tissue that works very much like an eyelid- The 
fish reaches a length of about four inches. 

The light organs are shallow and contain numerous bacteria of a 
jpecial son. which are the aaual source of the light. These bacteria 
are evidentlv "nunured by speml tissues or secretions of the fish, and 



SQUIRREL FISHES AND FIREFLY FISHES I5M 



eiOWWOHM Of THS SSA „ ovol ipol 

Th. r.h „nl.. «- 

•iRlnliig a bright light. Th« fi»h w» ttrt oH j u- - calony of borttrio dwelling 

Tl.1 ..,1. lik. o. .,.1IJ. I. '• ' 

«"d«r Iho Of* of tho (Irtfly fl*h. 

No one Uow. .o jokt k,ha. „ke .l.e Becny Bsh 
producing organ,. Some claim that the, act “ 
that they are cmDloved in signaling, but the evidence tor e ther ot 
■Hes. tuLtton T.tclc.usi,e^Da„da Islanders, however, ma e ^od 
«e oi them, cmting out the luminous orpns >"‘1 “ "E <1.™ as 
bait for fishing at night. While on the hoot they remain lit for as lon„ 
^ eight houn. 



Bone-Prolcclcd Fishes— Sticklchacks and 
Tlicir Relatives 


It was the amsting home lile of the sticUebaeVs that fiat 
called people's attention to the complicated "love life" of certain 
fishes and made them aware that the world of the fish is far from a 
simple one. Home aquaria first became fashionable in the middle o 
the nineteenth century in England, and the siicklcbaclt or tittlebat 
was one of the most popular of aquatic pets, since it thrived and re- 
produced readily in captivity. 

In a stormy session of the Pickwick, Club. Samuel Pickwick.^ Esq-, 
reported on the Theory o! Tittlebats and he took no little pride »n 
presenting his Tiillcbatian Theory to the world. This was Dickens 
way of poking fun at the little groups of aquatic nature enthusiasts 
that sprang up in England at that time. They were the forerunners o 
OUT tropical fish and goldfish societies, of svhich there are severa 
hundred in existence today. 

The sticklebacks are small, fierce fishes — the largest is only about 
six inches long — ivhich we find in the fresh and salt waters of the 
cooler parts of the Norihcm Hemisphere. Some species live in fresh 
water exclusively, others in salt. Still others, such as the threespme 
and fourspine sticklebacks, arc found in both types and in brackish 
waters of varying salt content. In all species of sticklebacks, the males 
are good fathers — they build a nest to receive the eggs, svhich they 
guard and otherwise care for. There are about a dozen different spe- 
cies of sticklebacks, all members of the family Gasterosteidae. 

The tube snouts are cousins of the sticklebacks but belong to the 
family Aulorhynchidae, They look like very long sticklebacks. One 
species, AuloThynchtis ftitvidtu, dwells along the Pacific coast of 
ISIO 
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North America, from southern California to Alaska. It attains a length 
of six and one-haU inches. 

The sticklebacks and their less-known relatives have a number of 
peculiarities in their bony structure, as well as tsvo or more free spine; 
in front of the dorsal fin. The pelvic fins are placed close behind th( 
pectorals, and the body is usally eitlier armored along die sides witlj 
bony plates or completely encased in a series of bony rings. It ivas foi 
this reason that die order was named Thoracostei, or "bony chests.* 

The Threespine Stickleback, GasUroiteus aculeatus, darts about and 
hovers in water the way a hummingbird does in air. Everything about 
this small fish seems to indicate intensity of effort, and even when it 
remains stationary with its tiny pectoral fins vibrating and its tail 
characteristically curved to one side, it appears, like a steel spring, 
ready to jump into action — rvhich it does, dashing off to catch some 
small creature for food, to court some likely female, or to fight sviib 
some male, or other intruding fish. 

Adult Uireespine sticklebacks are usually about two and one- 
quarter indies long, but in some places they grow to a length of 
four inches. Their spindle-shaped body seems well protected by two 
large spines (and one small one) on the back, one large spine on 
either side of the belly, and a number of flat, bony shields, or scutes, 
on the sides in place of ordinary scales. The mouth has numerous 
sharp teeth. 

Good use is made of these various weapons, for sticklebacks are 
pugnacious, attacking fish much larger than themselves svith both 
teeth and ventral spines. It has been claimed that the spines also af- 
ford them protection against larger fish which would oihenvise eat 
them. AUliough this may be true in some instances, goodly numbers 
of sticklebacks are consumed by fish and birds. The number of scuiej 
present s-aries from none to thirty-six, and depends on the salt content 
and tcmpcniure of the water in svhich the fish lives; the more salty 
the water and the lower the lemperatute. the greater the number of 
scutes. 

As we have seen, threespine stidtlebacks inhabit both salt and fresh 
waters. The species is found throughout the nonliern portion of the 
iN’orihcm Hemisphere. In Nonfi America it occurs as far south as 
Virginia and souihcm California on the coasts, and the Ijke Ontario 
Basin inland. In a few places sticklebacks are so abundant that they 
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stories, entice females to 611 up the latest addition, and notx' and then 
■ake lime out to feed. Such males with as many as four nests going 
at once liave been described as the busiest things among 6she^ 

Tlie eggs are yellowish spheres, about one-sixteenth of an inch m 
diameter. They batch in about si» dap at 72“ Fahrenheit. 


Seahorses and Their Relatives 


To MA.VT PEOPLE th* Hulc leaboTSC is one oE the most 
fciscinaUng of hshcs. Its small head aaually resembles a hone’s, and 
the creature holds it upright a» it swims along -Kith an air of senous 
dignity. No other 6sh u so Er«luentJy used as a motif for jewelry, 
book-ends, ash-trap, lamps and other decoraiise furniture, to say 
nothing of all the book places, adsenisemcnis, trade marks and em- 
blems in which seahorses have appeared. The seahorse has become 
the symbol of ocean life. 

But the seahorse is only one of the odd types wc Bnd in this order. 
Trumpet Bshes. comet hshes. snip>e68hes, and shrimpBshes are also 
among the imponani members of the group. Its s-aricry is one of its 
most imprcsshe features. Looking casually at the three sub-ordeo 
(each contains two families), we ate hard put to discover much re- 
semblance among them. One ihing they all seem to have in common, 
however — a small mouth located at the end of a tubclike snouL It »* 
inside their bodies, rather than outside, that these Eshes are most alike, 
and the order tume, Hemibrandii (“half-gills’') highlighu the fact 
that their gills are small and difletently shaped from those of other 
fishes. 

Joined, bony armor completely covers the seahorses and pipefishes 
■family Syngnathidae). We know more than 150 diHerent pipefishes. 
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ranging from lubelike forms with well-developed caudal fins to others 
%viih a grasping tail and a head and body that remind us of the typi- 
cal seahorse. Pipefishes, as a general rule, are at home in weedy shal- 
lows along tropiral shores, but we do encounter a few in temperate 
ocean waters. Several species frequently enter streams, and there are 
some tropical ones found only in fresh svater. The largest forms are 
about two feet long. 

One of the rarest and most amazing of seahonelike fishes is the 
Leafy Seadragon, Pliycodurus eqaes, of South Australia. Its head, 
body and tail are covered with leaflike growths — the whole animal 
looks for all the world like a piece of seaweed and is a miracle of nat- 
ural camouflage. It is about one foot long. 



Curiously enough, in all of the pipefishes and seahorses the female, 
after producing the eggs, turns tliem over to the male for care. He 
carries them eiilier in a broodpouch or attached to the under part of 
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hU body. Nature. \<e sec. hai d«-iwd many wayi of accomplishing a 
single end. (In the related family Solenostotnidae of the Indian and 
west Pacific oceans, however, the female rarrir* tlie eggs.) 

Tlie trumpet fishes (family Aulosiomldac) and tlic cornet fishes 
(family ristulariidae). arc each a small group of tropical ocean 
fishes. Superficially, the trumpet fishes appear to combine the fea- 
tures of the pipefishes and seahorses and the barrafudas. sshile the 
comet fishes at first glance look like marine gars (needle fishes). Tlierc 
are about half a doten kinds of comet fishes; they atuin lengths of six 
feet or more, and arc used for food. The trumpet fishes — s*c know only 
one or two species — grow to be al>out twenty inches long. 

The snipefishes (family Mairrorhamphosidac), possess an unmis- 
takable shape with a long snout, a short body, and a single strong 
spine in the dorsal fin. They inhabit tropical teas, and the largest of 
the do/en or so species reaches a length of al>om one foot. 

The ihrimpfiihes (family Centriscidae), arc encased in plates of 
translucent bone. Tlieir two dorsal fins project straight out to the rwr. 
being located where the tail fin usually b. Tlie tail fin is turned so 
that it projects downs>iTird next to the anal. There is sharp disagree- 
ment as to how the shriropfishes swim. Some observers claim lh<y 
isvim vertically, that is, belly first with the long snout poinied up- 
scards. Others claim they swim with the snout pointed down, the liack 
proceeding first. Still oiliers state that they progress in an ordinary 
fashion, horizonully with the snout first- "nierc are less than six spe- 
cies of these small fishes, inhabiting tlie tropical Indian and western 
Pacific Oceans. 

The Nonhem Pipefish, Syrtgnatkm fuscus, has a long body, covered 
with ribbed bony plates through which the small fins project. Its long 
snout b tipped by a liny, toothless mouth, and it feeds principally 
on small crustaceans common in the seaweed and shore plants among 
which it lives. Thb species b found from Nova Scotia to North Caro- 
lina, usually quite close to shore. It reaches a length of one fooi- 
During courtship the male and female embrace, their bodies nuk- 
ing two intertwining S-shaped curves. The female deposits a batch of 
eggs by means of a long ovipositor (egg-laying organ) into a pouch 
Uut the male has on his underside. 'TTie pair then separates, and lh« 
male works the spawn further down into the poucli with various gyr^' 
lions before egg deposition b commenced again. The eggs remain in 
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llic pouch for some time, being carried about by the male until they 
hatch. 

Because of this peculiar reversal of the usual part played by tlie 
sexes in reproduction, male pipefishes were for many )ears quite un- 
derstandably thought to be the females. After their correct sex was 
first reported, in 1831, a forty-year controversy ensued before the mat- 
ter was finally settled. In some species of pipefishes the eggs are car- 
ried in open grooves along the belly rather than in closed pouches. 

The ^Vestem Atlantic Seahorse, Hippocampus hudsonius, has a head 
like that of a horse, an external skeleton like that of an insect, a pre- 
hensile, or grasping, tail like that of a monkey, eyes that can be 
moved independently like those of a chameleon, and a pouch for 
carrying its offspring like that of a kangaroo. Few animals have such 
an extraordinary assortment of characteristics! 

Seahorses are found in tropical and temperate seas throughout the 
world. They usually inhabit shallosv water, but some have been found 
in floating seasveed far from land. About fifty different species are 
known. The largest. Hippocamptu tngens, of the west coast of the 
Americas from the extreme southern part of California to northern 
Pent, attains a length of one foot. The common western Atlantic sea- 
horse averages about four inches in length and has been known to 
reach seven and onc-half. The Dwarf Seahorse, Hippocampus zos- 
terae, of Florida never exceeds two inches. 

The unique shape of seahorses, with their head held at a right an- 
gle to their upright body, makes them resemble nothing so much as a 
knight on the chessbatrd. Tlie whole body is encased in jointed armor 
—an external skeleton that they possess in addition to the more usual 
internal skeleton of all backboned animals. Tlie mouth is a small, 
traplikc affair located at the tip of the long snout. More than half of 
the total length of the scahone is made up of the tail, svhich is rec- 
tangular In cross section, flexible, and prehensile. The fish spends 
much time holding fast to undersea objects by means of this organ. 

Tlic deliberate behavior of the seahorse gives It a dignity lacking 
fn most fishes. /« progress is always stow, for the fish must depend 
upon the movements of its small dorsal and pectoral fins to swim 
aboiie. Since these fins arc more or less iranipareni and unnoticeable. 
the seahorse gives the appearance of moving Utrough water without 
fITort of any sort. Ariji.iliy carh part of these fins may vibrate back 
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and forth as fast as thirty-five times per second- The usual posiuon of 
the body is more or less vertical; horizontal or hcad-dosvn positions 
are taken only infrequently. 



Seahorses feed on small crustaceans svhich they snap up with their 
liny, toothless jaws and swallow whole. They pursue this small prey 
with gravity and preciseness at the same slow pace that seems to mark 
their whole existence. Because of their finicky feeding habits — and also 
their absolute dependence on pure sea water — seahorses arc diffirtih 
to maintain in captivity. This is too bad, because otherwise no other 
aquatic creature would approach their populanty as pets. 

Reproduction in the western Adamic seahorse ukes place dunnS 
the late spring and summer. The female seahorse, not the male, is aid 
to do the courting. At any rate, slie grows an ovipositor, a special or- 
gan with which she deposits her eggs in the pouch of the male. Th» 
pouch is located on his belly just before die tail and has a single small 
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opening at its front end. The eggs arc fertilized at this time. While 
they are contained within the pouch, the opening is sealed, so it is ob- 
vious that the male must at least supply oxygen to his growing off- 
spring. The highly developed state of the walls of the pouch during 
incubation indicates that food, too, is supplied to the young. Of 
course, their waste products must also be removed. The father sea- 
horse, then, truly acts like a mother, carrying and nurturing the young 
until birth. 

In the western Atlantic seahorse, the young are born after about 
forty-five days of incubation tviihin the male’s pouch. If the struggles 
and gyrations of the father fish arc any indication, getting rid of his 
brood is a difficult and exhausting task. Frequently the male presses 
his full pouch against rocks or shells as it trying to dislodge the young. 
The 150 to 200 babies, each a quarter-inch long, may be bom over 
a period of several days. The du'arf seahorse has much smaller broods 
numbering less than ten young, and the whole procedure of birth 
may take place in less than a quarter of an hour. 


Silversides, Mullets, and Barracudas 


In tuis croup we find creatures that are fish food, fish eat- 
ers. man food — and man-eaters. Some are so small you can catch them 
with your hands: others are longer titan a man, and catching them re- 
quires great skill and strength. 

A silvery band along each side helps us to recognize most of the 
more than 150 species of silversides. (Tltey make up the family Ather- 
inidae.) Besides the silversides proper, this family has other members 
— ilie whitebaits, the Australian rainbow fishes, the grunion and the 
jack-smelt. Although they arc mostly at home in tropical oceans, 
many of them regularly enter brackish water, and a number spend 
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their trhole lives in the fresh svaters of streams or lakes. The largest 
species— dwellers in the temperate lones — reach a length of between 
one and two feet. 

The mullets are no small family, either. W’e know more than one 
hundred different kinds (family Mugilidae). The largest species 
reach a good ttvo and one-half feet and a weight of nine pounds. Sev- 
eral are valuable as food: for example. Afugif dohula is one of the two 
most important commercial Ssbes of Australia. During the spawning 
season nrany of the mullets leave the tropical or temperate ocean rsa- 
ters, in which they spend most of their time, for brackish or fresh 
ssiaiers. A number are permanent fresh-water inhabitants. 

Swift hunters and ferocious killers, the barracudas — there are 
twenty different kinds or so in the family Sphyracnidac — prowl all the 
warm seas. One of the largest of these pikelike fishes is the great bar- 
racuda of the western Atlantic, a creature as fearsome as any we en- 
counter on land. Not so formidabte are the other members of ibis or- 
der. the ihreadfins (family Polynemidae). These fishes U\-e near the 
shores of tropical seas, sometimes entering fresh Artter, perhaps to 
spawn. Adults are usually less than one foot long, but a fesv species 
exceed six feet They have peculiar peaoral fins, each one of which is 
separated into tw'O parts: the upper part b quite ordinary, but the 
lower part consuu of about a half-dozen long, separate threadlike 
tap. for which the fish are named. In the Indo-Padfic regions, the 
tlireadfins (Uiere are about twenty-five different kinds! are sought as 
food. 

All the fishes in thu order — Percesoces, meaning "perch-pikes” — 
have spines on their fins. Still, unlike the true spiny rayed fishes, 
which we shall encounter in the next chapter, their ventral fins arc 
located back on the belly rather than near the throat. They have two 
dorsal fins. 

The Common Silreiside. Menidia menidia, dwelb in enormous num- 
along the shores of the .Atlantic from Nova Scotia to Flonda- 
Creat schools of these small. light<nlorcd fish can often be seen in 
^ shallow water in bays or inleu or near sandy or gravelly beaches. 
They frequently venture into brackivli water 

SihmMo dunaaued b, ,|,cir ilmd^ >h3p<r. t«o dowl 

r.m ind > «ulc l„„d ihM nm, t„„ . 

mix.mum Icngih of ,U incho. Thdt feed on.uu ot ,11 Sam of liny 
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creatures, belonging to the crustacean, mollusk, and worm groups nt 
invertebrates. They also eat algae and other very small plants, and 
fish eggs, too — including their own. 

The common silverside spatvns from early spring to late summer, 
depending on the latitude. The eggs are about one-sixteenth of an 
inch in diameter and are provided with a tuft of long, gelatinous 
threads. Ripe fish gather in shallow water to deposit their eggs which, 
being slightly heavier than sea water, sink to the bottom, and be 
come attached to plants and other underwater objects by means of 
the sticky threads. Hatching takes place in one to two weeks or more, 
depending on the temperature. 

This species is not ordinarily used for food, although its close rela- 
tive Menidia berylUna provides the delicacy, whitebait. The common 
silverside is nevertheless of no little economic importance, because 
of the abundant food It provides for so many other larger food and 
gamefish. 

The Grunlon, Leuresthes tenuis, is regularly caught with the bare 
hands— on landl This unbelievable mode of fishing is made possible 
by the equally unbelievable spaivning habits of the fish, which lays 
its eggs out of svater on various beaches of southern and Baja Cali* 
fomia. 

From Afarch until July or August, grunion spawn a day or two 
after each new and full moon. They begin their reproductive aciivi* 
ties from fifteen to forty minutes after the night high tide. At this lime 
grunion can be seen riding in svith the waves and swimming further 
on to the beach as the waves recede, thus being left stranded on the 
sand. Each incoming female is accompanied by several males. After 
she “hits the beach," she digs herself, tail first, into the soft wet sand 
by twisting and fuming, until she is buried up to her pectoral fins. 
The males curve around her on top of the sand as closely as possible. 
The fcin.ile then lays a batch of eggs underground. As she struggles 
to free herself, leaving her eggs behind, the milt (sexual secretion) 
of the males is carried doivn to fertaize them. 

N'ow both sexes wiggle back toward the sea. catching up with a 
wave tliat eventually carries them back into the deeper water. The 
whole process may take less than lialf a minute, but several minutes 
out of water seem to do the grunion no harm. 

The c^s remain in the moist sand until the next series of extra-high 
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tides, wo weeks later, come and wash them ouL Two or three minutes 
after the eggs have been heed, the baby gmnions batch out and are 
carried out to sea. The marvelous adjustment of the fish to its Using 
conditions is apparent. The eggs are laid just after the extra-high 
tides following the new* and full moons, tides that will not be equalled 
in height for nvo sveeks. Thus for this length of time the e^ will be 
safe from premature exposure. Nor wrill the eggs hatch if the suaced- 
ing extra-high tide should fail to uncover them. They will remain, 
development suspend^, until the neir one, that is. until a month after 
they were laid. So long as they remain covered with sand the eggs will 
not hatch. In fact, the eggs are ready to hatch about a week after be- 
ing laid. They hare even succes^uUy dev eloped in running water in 
tlie laboratory, showing that burying in sand is not necessary. The 
eggs are about one-sixteenth of an inch in diameter and salmon pint 
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in color. The newly hatched young are about one-quarter of an inch 
long and relatively well developed; they are able to swim immedi- 
ately. 

During the height of a spawning nm there may be so many grun- 
ion on the beach that tvalking there without stepping on them is im- 
possible. The sight of thoussnda of these slender, silvery, si'c-inch fish 
on a moonlit beach is a memorable one. In order to protect the grun- 
ion — an excellent foodfish which was becoming quite scarce — all types 
of special griinion-collccting equipment, such as nets, have been for- 
bidden, and only the bare hands may be used to capture them. In addi- 
tion, the state of California has ruled that no grunion at all may be 
taken during April and May. 

Most of the grunion's life is apparently spent near sandy beaches 
from Point Conception south to the northern portion of B.ija Cali- 
fornia. This is the only place in the svorld where these fish exist. Young 
grunion grow rapidly, and by the spring following their hatching 
they are about five inches long and soon are ready to spawn them- 
selves. They usually live to be two or three years old, and rarely four. 

The Striped Mullet. Mugil cephalus, feeds on tiny floating plants 
which it sieves out of the water, on algae which it scrapes off stones, 
pilings, and the leaves of aquatic plants, and on organic matter from 
the bottom, which it sifts out of mouthfuls of silt and mud. To help 
it digest its food, which is mostly vegetable matter, the striped mul- 
let has a gizzard, very similar to that found in birds, where the food 
is ground up by the action of thick musnilar walls covered inside 
with a homy lining. The mullet’s intestine is also relatively long and 
coiled, permitting more complete digestion and absorption. 

^Vhen it is young, the striped mullet has the more usual type of 
short intestine and a good set of teeth. It feeds on small floating ani- 
mals and plants at this time. As it grows older, its teeth become re- 
duced to tiny bristles, while its intestine becomes longer and more 
coiled. These changes occur at the beginning of adult feeding habits. 
Experts disagree as to just where young striped mullet are born, that 
is. whether the adults lay their eggs in bays and other inside waters, 
or along exposed shores. We have little scientific information about 
the e^s, even though spawning fish have once been described. Ac- 
cording to this report, each ripe female was accompanied by several 
smaller males svho huddled close to her on all sides during the process 
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of egg laying. It is agreed that reproduction takes place from Novem- 
ber to February in Florida vraters. 

The striped mullet has a svorld-wide distribution in temperate and 
w-arm seas. Along the Atlantic coast of North America it is found from 
Maine to Florida but rarely occurs north of Cape Cod. Its range ex- 
tends along the Gulf coast, Mexico. Central America, and south past 
Brazil. On the Pacific coast it is found from central California to 
Chile. It is present in the Mediterranean and was well knovm to the 
ancients there. It ranges down the west coast of Africa at least as far 
as the Congo, and all around the Indian Ocean. It is rare in the Indo- 
Australian archipelago, but is a common fish along much of the Asi- 
atic coast, including the Philippines and japan. 

In many places in the Orient and in Hawaii, the striped mullet is 
reared in brackish or sea-water ponds. In nature the fish often ven- 
tures into the brackish or fresh waters of streams. 

■Wherever it occun in large schools, the striped mullet is an impor- 
tant foodfish. In the southern United States about thirty-seven milHoo 
pounds are taken eacli year. On the west coast the fish is beginning to 
become popular as a foodfish, and as a gamefish, loo, svhen taken on 
light u^le with a dry fly. It grows to a length of about two feet. 

The Great Barracuda, Sphyrama barracuda, deserves iu reputation 
for ferocity. It has been called ilic ‘’tiger of the sea**: few fishes seem 
better equipped, both menully and physically, to destroy other Ih’* 
ing crcaiurw. Fearless and apparently inquisitive, a barracuda is not 
frightened away by the antics of a sswimming man as w-ould be almost 
any other fish. Many of the supposed shark attacks on bathen in the 
West Indies are the work of this dreadful fish. 

With one swipe of iu great jaws a barracuda can remove the whole 
lower-leg muscle of a man or maim bis arm or leg so badly as to make 
surgical ampuution necessary. The fish’s teeth are pointed, razor- 
slurp, and they overlap one another, fitting rather closely between 
the corresponding members on the opposite jaw. From tsvo to four 
large canines (fangs)— extending three-quarters of an inch be)’ond 
the gums in fair-sized specimens— are located on cither side of the 
front part of the upper jaw. One or two arc placed at the tip of the 
lower jaw. Wheneser teeth become broken or worn out. they arc re- 
placed by new ones that grow in beside the old. 

Tt«e long pikelike body of the great barracuda seems admirably 
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adapted to sudden daslics through the water. The fish's tisttal food 
consists of other fish, which it carefully stalks, then attacks with ter- 
rific speed, the strike being almost too fast for tlie eye to sec. Great 
barracuda have been seen herding a group of snappers, grunts, angel- 
fishes, and others, and not one of this group of prospective prey was 
able to make a dash to liberty. 



oft«n grpiRr to o langtli iU f««l Vf p»9f«. 

The reproductive habits of the great barracuda are a mystery, al- 
though it is suspected chat it spawns in the early spring and that its 
eggs float on the surface of the ocean. It grows to be ten feet long, 
but few individuals exceed half that length. 

Rarely is a great barracuda ever found further north than the Caro- 
linas. Small specimens, however, are not uncommon in Bermuda. Its 
usual home is tfie ^Vest Indies, but it also occurs south to Brazil. 
This seems to be the most dangerous to man of all the barracudas. 
The Northern Barracuda, Spftyroejia borealis, of the east coast of 
the United States and the Pacific Barracuda, Sphyraena argentea, 
of the west coast are both completely harmless. At least one species 
in the East Indies, however, has been authentically credited with at- 
tacks on men. 





The Spiny-Rayed Fishes 


If fishes inieresi you at all. you will discover a whole 
svorld of wonder in this, the largest single group of bony fishcs- 
Among its spedes. perch, bass, and sunfish are the delight of both 
sport and food fishermen; and the pompano and snappers are eag- 
erly sought uble delicacies. Bluefish arc so ferocious that they might 
be called “wohes of the sea.” and the dorado, or dolphin, is a shining 
example of incarnate, streamlined speed. 

Queer habits and abilities are common in members of this order. 
The conchfish dwells within the shell of a living giant sea snail; the 
leafiish is a master of camouBage in imitating dead leaves Boating in 
the water; and the archer fish shoou tiny "bullets” of water. Finally, 
the grunts, drums, croakers, pigfish. and weakfish have the ability to 
make sounds— in the water and out of it— to such an extent that 
schools of certain specia around a vessel at anchor will keep the people 
aboard ake all night. 

In a number of ways we can consider the spiny-rayed fishes the 
peak development of present-day forms— that is. the highest point of 
a whole line of evolutionary progress. Judged by the number of spe- 
des alise today, they arc the most successful of all of the orders of 
fishes. In total number of individuak. they stand far ahead of all 
other salt-water fishes. The spiny-rayed fishes are, in effect, the typi- 
cal modem fish. 

Being typical, they lack the radical, bizarre anatomical features 
pCKsess^by more highly sperialized— and therefore more limited— 
fishi^They are. nevertheless, extremely different from family to fam- 
ily. These two facts make it difficult, if not impossible, to define them 
^curate y, acept in technical tenns meaningful only to the expert. 
Moreover, the experts themselves have had difficulty in defining the 
group and in deading exaaly what fishes should or should not be in- 
cluded m It. 

152$ 
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This vast order, the Percoidei ("perchlike”) contains about 
seventy-five families, including such well-known fislics as the perches^ 
sunfishes, basses, groupers, snooks, snappers, grunts, porgies, weak* 
fishes, goatfishes, and jacks. They have spines in some of their fins, 
and the pelvic fins, if present, arc located svell fonvard, near or di- 
rectly under the pectorals. Although they have many characteristics in 
common, they are perhaps best identified by those features they do 
not possess. For example, they lack the Weberian apparatus of the 
minnosvs and catfishes, the irregular shapes of the flatfishes, the ac- 
cessory gill chambers of the climbing pcrdi, and the peculiar 
arrangement of cheekbones of the scorpion fishes. Only a fraction of 
the large number of existing families is mentioned here, since many 
of them are unknown except lo scientists and local specialists. 

Tlie Yellow Perch, Perea flaveseens, furnishes both commercial and 
sports fishermen witli a highly valued catch. About six million pounds 
are taken commercially each year in the Great Lakes region, and no 
one knows the weight of the millions of yellow perch caught by an- 
glers, Wc find the fish cast of the Rockies from northern Canada 
south to Kansas, Missouri, Illinois, Indiana, Ohio, Pennsylvania, and 
South Carolina. 

Yellow perch inhabit lakes, ponds, and the quiet parts of streams. 
They have been introduced into the West Coast and further south, 
but these transplantations have not been very successful. Yellowish 
sides will: six to eight dark vertical bars distinguisli the yellow perch 
from other North .American fresh-water fishes. The largest specimen 
ever taken by rod-and-recl weighed four pounds, three and onc-half 
ounces, but the usual maximum weight is about one pound with a 
length of about twelve to fifteen inches. 

In the spring, long, adhesive bands, containing tens of thousands of 
eggs, arc l.iid over weeds, sticks, and sunken branches, usually at 
night. The eggs hatch in somewhat less than a month. The food of 
the yellow perch is quite varied, including insect larvae and adults, 
crustaceans, molhisks. worms, fishes, and algae and other plant ma- 
terial. When adult, the fish no longer eats plants, but only animal mat- 
ter. 

The perches, pikeperches, and darters comprise the family Pcrcitbc. 
a fresh-water group with about ten species in northern Asia and all 
of Europe except Spain and Portugal, and with a tew more than too 
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species in Norilj America, east of tl>e Rocties. The vast majority of 
the different species are darters, which arc exclusively Nortit American. 
The largest members of tins family range up to about three feet in 
length and twenty-five pounds in weight. 

The Pikepcrch, S/izostedion intreum, lias a tricky name. It is indeed 
related to the perch, but not to the pike. In appearance it is not at all 
pikelike. being approximately spindle-shaped and having two dorsal 
fins and relatively short jaws. It is at home east of the Rockies from 
central and southern Canada to Nebraska, Arkansas, Alabama, Geor* 
gia, and North Carolina. Not native to New Jersey, Connecticut, and 
eastern Pennsylvania, it has been successfully introduced there, as 
well as into many bodies of water within its original range. It prefers 
large, cool lakes and clear rivers. 

Pikeperch are flesh-eaters, feeding mostly on other fishes, but also on 
imecu, crustaceans, and amphibiaiu. Although specimens weighing 
as much as twenty-five pounds have been reported, any more than ten 
are rare, and the usual weights run less than five. The record angler's 
catch was slightly more than three feet long and weighed twenty-two 
and one-quarter pounds. 

Shortly after the ice mclu or in the very early spring, pikeperch 
spawn. They often migrate up small streams to by their numerous 
^gs, but sometimes deposit them in the shallow parts of lakes. 
Spawning occurs at night. The eggs are heavier tlian water, and He on 
die bottom. They are about one-tsveUih of an inch in dbmeter. Hatch- 
hig lakes pbee In a week to a month, depending on the temperature. 

There are three diflerent ptkcperchcs generally recognized in North 
America, and altogether they yield in the neighborho<^ of ten million 
pounds of highly edible fish to commercial fishermen in the United 
States— almost entirely in the region of the Great Lakes. In addition, 
a considerably brger amount is imported from Canada. Two of the 
generally recognized pikcperches. the Yellow Pikeperch. or Walleye 
Pike, and the Blue Pikeperch. are geographical varieues of Slizos- 
tedwn vttreum. The third is a separate, somewhat smaller species, the 
Sauger, Stizosledion canademe, which occasionally cross-breeds with 
the yelloiir pikeperch. 

The Johnny Darter, Boleosoma nigrum, lives on the bottom of lakes 
and streams, mostly in shallow water among rocks, or on gravel and 
sand. It IS a small fish, becoming as a rule not more than two and one- 
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halt inches long at the maximum, aUliougli specimens nearly an inch 
longer liave been measured. Ils food consuls of small crustaceans 
and insects and algae. Sometimes Johnny darters eat the eggs of other 
fishes. This species is widely distributed from southern Canada to 
Colorado, Alabama, and North Carolina. 

Johnny darters spawn in the late spring and summer. The eggs are 
laid on the undersurface of a submerged stone, mussel shell, or o^er 
object; the pair swims upside during the process of egg laying. The 
mie. who is somewhat larger than the female and more strikingly 
colored Uian she is during the reproductive season, guards Uic eggs. 
He also circulates water around them by vibrating his tail under them, 
and cleans them by turning on his back and brushing them with his 
body and pectoral fim. The egg, ace amber m color and about one- 
rixteenth of an inch in diameter. Tlrey ha.ch in about three week, at 

about 65® Fahrenheit. „ t 

There are about one hundred different cUmrs, all of Uienj Not* 
Ameiica, but none in the Paeific drainage. They are small fisher, one 
species is adult at the sire of one inch, and *e gian of the ^oup 
is *e Logperch, Ptreim caproies, schicli attains a '“S* 
inches. mSi darters live in streams, always on or near the 1>» 
frequently among the stones in riffles. Spece. that do 
paternal Le of “heir eggs, lay them on planu or on .he bottom, or 
bury them in sand, and then abandon them. 

The Thin Snook. Cenlropomir uudccimolis, you “n 

ognire by its low, sloping forehead, its pointed snout, and its under 

shot jaw This fish is used both tor food and sport. f J" 

Florida and the Gulf Coast south to Brar.l, frequently 't^elmg "P 

rivers tor many miles. The thin snook feeds on a variety “ 

such as smaller fishes, crabs, and shrimps. It a.ta.ns 

than fifty pounds but averages only about our. Very 

about the life history of this fish, although tt ts an tmportant toodfi.h 

The sM'Jks'bd’ong to the family Centropomidae. Th^ 
the coasts on both sides of Sou* and Central Amer.ea « tar nor* as 
Florida in the east and Baja California m the ».i 
found along *e shores of tropical .vest Afrtca. Ther' are a. lemt 
eight different species. Other fishes included m 
numerous, small glassfishes of slmllow. salt, bracktsh. and fresh waters 
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of the Indian and tvcstern Pacific regions, and the perchlike fishes of 
the genus tales, which are important foodfishes in Africa and south- 
eastern Asia and the East Indies. 

The Conchfish, Astrapogon stellatus, often makes its home in tlie 
cavity of very large marine snails called conchs. Tliese mollusks. be- 
longing to the genus Strombus, arc used as food, and svhen they arc 
taken off the bottom they close up the opening to their shells, trapping 
inside any small conchfish that is using them as a shelter. Later, svhilc 
lying on the bottom of the collecting boat or in the market, the snail 
relaxes and the fish falls out. much to the surprise of any beholder. 

Not all conclis contain conchfish. howescr, nor docs every conch- 
fish live within a conch. These fish also inhabit living sponges and 
bivalves and the empty shells of dead conchs; they most probably 
. make use of a hide variety of objecu for shelter. When kept in an 
aquarium, they hide during the day, appearing only when it U dark; 
most likely in nature the>' rarely leave their conch except at night. 

The color of the conchfish is quite variable. At night it may be 
almost white, and by day. dark brown. Sometimes a single, slanted, 
very dark line runs across the cheek; at other times there may be four 
different lines on the head and body. The pelvic fins are unusually 
long, but svhether they sene any spedal purpose is unknoh-n. A length 
of th'O inches is attained. 

Conchfish feed largely on small crustaceans. They occur in Ber- 
muda, the ^Vest Indies, and southern Florida. Reproduction begins 
in August- As in many other species of cardinal fishes, the male car- 
ries the eggs around in his mouth. 

The cardinal fishes make up the family Apogonidae. They arc 
small fishes, found generally in shallow, tropical salt waters, and com- 
prise one of the most populous groups lii-ing among East Indian 
coral reefs and around the Philippines. Several inhabit depths as 
great as sixteen hundred feet, and some live in fresh water. Many of 
them arc red or pink in color. 

•ne Smallmouih Black Bass. Micropterus dolomieu, rivals the best 
of the trouts and salmons in popularity as a fresh-water gamefish. Orig- 
mally distributed through most of the Great Lakes drainage and the 
Ohm. Tennessee, and upper Mississippi ri> er systems, the smallmouih 
black bass has been mtroduced into practicaHy every state and roost 
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of the Cinadian provinces. It has also been quite successfully trans- 
planted to Soutit Africa and less so to the Ilrltish Isles and the Euro- 
pean continent. Its favorite living places are clear, cool lakes and 
streams that arc not too small and have little vegetation or mud. 

The average adult smallmouth black bass wxighs from one and 
one-half to Uirec pounds, but especially large ones may attain 
weights of more titan eleven pounds. Such specimens arc usually quite 
old. Experu have found that the smallmoutli can live to be at least 
fourteen years old in nature. It grows ratlier rapidly when an ample 
food supply is present, and may reach a length of ten inches in three 
to six years: it becomes sexually mature in four to six years. 

The spawning season begins tvl.en the svater becomes sufTicicnily 
svarmed by the spring sun, that is. from late April to the end of June, 
depending on the latitude and weather. The males gather over sunny, 
gravel- or rock-covered areas, usually svhere the svatcr is three to six 
feet deep. Each male establishes a territory that he vigorously de- 
fends against other fish, especially other bass. 

By assuming a nearly vertical position, head uppermost, and 
tanning liin liononi n iih liii uil. the male slarii to construct his n«t. 
He roots tin the bottom, loosening tiebtts so that it may be tanned 
away, and catries larger pebbles and other objects away in his nioiitll. 

Tlie nest may take two days or more to biiild^ It is a saucer-sliaped 
depression, as miicli as tour teet in diameter, it tlie male that made 
it it a large one. No speck of sediment is allowed to sett e tor long on 
any ttone within the nest, nor is any fish, craynsh. snail, or worm al- 
lowed to remain in it. The male cleani and guards l.is nest con- 

s’^n'leraales approach the nesting area, and tlie males try to 
them into tlieir nests. Evemiially a female enters o"' ^ 

lays her adhesive eggs on a small patch of t le po me s o 
on the bottom. More than one female may spawn tn l.e n«‘ o'^ 
single male. The females retire after laying their eggs, their dnties 

“ for the egg. and young- He gen.^ f™. 

the eggs with his pectoral and tail hns and attacks all 
come near them- When they Imch. three or four days later he a l o 
Ians and watches over the helplen. fry- In three “ ^ays.^ dm 

yoimgbegin toswimabout.Thenthemalecon tic s i jj 

water near shore where he consinnes to stand guard over them, usually 
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for two to nine more da)^. but sometimes for as long as iwcnty-eigbi- 
Tltc food of recently hatched smallmoiiili black bass consists of 
small crustaceans like water fleas. As they grow larger, the fish begin 
to eat insects. Wien about one and one-lalf inches long, they start 
to catch small fishes, and at twice this sue crayfish are added to 
their diet. 

The Largemooih Black Baas, Mteropitrus salmoides, as you might 
expea, may be distinguished from the smallmoulh by die sire of 
its mouth, svhich extends back past the eje. Also, it has an almost 
complete division between the two parts of its dorsal fin. Scientists at 
present recognue three species of black basses besides the smallmouth 
and largemouth. Tlie habiu of all of these are basically alike, but 
they differ in a number of deuils. For example, the largemouth black 
bass is t)'pically found in weedy, mud-bottomed, still, or sluggishly 
moving fresh n-aters, in contrast to the smallmouth whicli oecun in 
cooler, clearer, generally more rapid u-aten. 

Tlie Urgemoudi originally lived further south than the smallmouth; 
its range extended from northern Canada through the Great Lakes 
and Mississippi river systems to Florida and nonheasiem Mexico. 
Because of its greater adaptability to s\-arm, still t^-aiers, the large- 
mouth black bass has been employed extensively in pond culture 
and has been introduced over most of die United States and Canada 
and such places as France, Cennaoy. South Africa, and Hawaii. 

Largemouth black bass spawn in the spring, more or less in the 
same way as do smallmouth. The nest may be located on muddy areas, 
however, in which case the adhesive eggs are laid on the roots of 
aquadc plants, on sticks, or on other objects besides stones. The 
male guards his school of young fish until they arc an inch or more 
in length, that is. for many days he rides herd on them and drives 
off possible enemies. There may be four thousand or more young 
in such a school, so the father has no small task in watching os’cr 
all of diem. Haring attained a sire of about an inch, the young 
lose their tendency to school and become soUiary— untd winter lime 
when they gather together again in the deeper parts of their home 
waters, as do many of the black basses and sunfishes when the tvaicr 
becomes cold. 

The record largemouth black bass cser uken with hook and line 
weighed twenty-two and one-quarter pounds and was thirty-two and 
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one-hal£ inches long. Specimens weighing twenty-Hve pounds have 
been reported. 

It is generally believed that most hshes can distinguish colors, but 
in the largemouth black bass we have definite indications of this 
faculty. One investigator was able to train the largemouth to distin- 
gubh between red or yellow and the other primary colors quite easily. 
Green and blue tvere more difficult for the fish to tell apart. The care- 
ful attention fishermen pay to the color of their flics may therefore be 
very worth while. 


The Pumpkinseed, Lepomis gibbosus. has provided many a boy svith 
his first fishing experience. Found almost everysvhere through its 
range, a ready taker of all sorts of bait— even when the bait hides a 
bent pin-and an excellent panfish, the pumpkinseed is a beginners 
gamefish second to none. It bites most of the year and can even be 
successfully fished through the ice in some localities. Pumpkinseeds 
are found in a variety of habitats, but most frequently in the weedy 
parts of ponds, lakes, and streams. They occur naturally from south- 
ern Canada to South Carolina, west to Pennsylyanta, low^ 

Dakotas, but have been introduced into California. British Columbia, 
and France, among other places. 

The pumpkinieed belongs to the (amily Cemratchidae, » gtoop 
that also includes the black basses, sunfishes, aappies, rock bass, 
watmouth. and Saaamento perch-in aU about thin, spec.es. This 
family is confined to North America, no member of it exisnng any- 
srhere else nnless introduced there by man. The largest speems is the 
latgemouth black bass: the smallest, the pygmy sunhsh from the south- 
eastern United States, srhich is adult svhen about one inch '“"E- 

A, in the great majority of sunBshes, the mak j'"''* 

a nest and tSes care of the eggs and young One 
actcristic views of Nortli American fish li c consis s 
of male pumpkinseeds. each on his , 

all closely arranged along some sunlit, shallow, ° J 

near the shore of a f”"'’ “ “ber’o’t the sunfish family, 

r "m\S pT^Sre"; Li; w cour. only when the sun 

’’’“relak constructs the ness by fanning vigorously svh^his ajl. 
A, the same time, by rapidly backing water w.th h„ pectoral fins. 
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he presents the fonvard motion that would ordinarily result from 
this action. Since he routes through a complete drde while keeping 
his head up and more or less over the same spot, the result is a ar- 
cular, cleaned or exca\-aled area, svith a diameter just about twice 
the length of the fish. After the eggs are laid and hatched, the male 
does not guard his oSspring very long, as the black basses often do. 

Similarity in reproductive habits among the sunfishes is undoubtedly 
one of the main reasons why so many of them hybridize in nature. 
For example, the pumpkinseed naturally crosses with the warraouth 
and the green, yellowbelly, longear, bluegill and orangespotted sun- 
fishes. The hybrids produced are perfectly healthy fish with a rate 
of growth more rapid than that of cither parent, but they are all 
sterile. 



tod Siid 1W^ at abB. i, ^ 
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The food oA she paTOyA.isr5*td » rjwt -varied and includes prin- 
cipally insecu and iheir larvae, snails and small crustaceans like water 
Reas, if>gether »»iih lesser amtninti of worms. leeches, tiny fishes, fresh- 
water sponges, and aquatic vegeution. Although ihey have been 




THE SPINY-RAYED FISHES 1535 


kno^vn to live more than twelve years in captivity, pumpkinseeds 
never grow very large, eitlicr in tanks or in nature. They rarely if ever 
exceed nine inches in length or attain one pound in weight. 


The Bluegill, Lepomis macTOchinis, is rapidly becoming the most im- 
portant of all the simfishes. Not only has it been introduced into 
practically every state of the United States because of its fine flavored 
flesh and habit of readily taking both ordinaty baits and dry flies, 
but it is also considered one of the best species to use in the fast 
growing activity of culturing fishes in ponds for food and sport. 

Farmers and other landowners have gradually become aware of the 
fish pond as an unexploited source of cheap, delicious food and re- 
laxing sport. But in order to harvest a full aquatic crop from any ponth 
it is necessary to plant, fertilue, and reap it properly— just as wit 
any crop that grows on land. By stocking a pond with a correct 
proportion and amount of bluegills and largemouih black bass it is 
possible to obtain maximum annual yields of both species without 
having ever to replace them. The fertiliser that is spread through the 
water encourages the growth of enormous numbers of miaoscopic 
floating plants, which provide food for small crustaceans, snails, aqua- 
tic insects, and insect larvae. These crcaiuTCs are in turn «fen by 
the bluegills. The last link In this food-chain is the largemouth that 
feeds on the bluegill. . _ . . 

The reason why it is important to put the proper proportion of the 
two kinds of fishes into a pond is that a balance must e ^ 

them. If there are too many largemouths. they will eat up all the b u 
gills and then cease to grow, becoming half starved and > 

II there are too many bliiegills. they, too, ' 

lack oE food. Although too small for the pan t ey nl 
grow large enough to reproduce and will become so uumerou hat 
they eat up all tL eggs of the largemouth. Eventually » b' 

nothing lelt in the T™-! >>»t a population ol dwarfed hluegt ls 
In some parts of the United States, the blnegd s 
largemouths, unless introduced in suclt a sma J 

cannot become established at all, and m these regions 
fish, Le/tomis „icro!cph,u. is prefetred. A h a ^ar^vTn 

pond can produce more than two hundred pounds of fish a year_e 
without any fertilization in some instances. nne-half- 

Adult bluegills average less than a pound, but one-and-one half 
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pound indi\idu3h arc not especially rare in nature. The largest speci- 
men on record weighed four and one-half pounds and n'as fifteen and 
one-half incites long. 

From May through October the bluegill spasms. The males often 
nest in colonies and each male guards his nest and eggs or young 
assiduously. As many as four thousand young may arise from a 
single nest- The bluegill hybridizes with at least seven other members 
of its families. So far as known, all the hybrids are sterile except a very 
fesv fertile ones resulting from the cross with the red ear sunfish. 


The Striped Bass, Jlocrui saxutUts. is now at home on both tlie Atlantic 
and Pacific coasts of the United Sutes. thanks to Originally it 
lived dose along the Atlantic shore from Florida to the Gulf of St. 
Latvrcnce. But in 1879 a shipment of less than young specimens 
was trade to CalifomU, and three years bter about three hundred 
more were introduced. Now it b quite possible that there are more 
striped bass living on the west coast than In their native tvaten to the 
east! Several milHon pounds are caught by anglers each year. None 
is taken commercially o 5 California because the commercial fislung 
of striped bass has been forbidden in that state since 1935. Along the 
Atlantic emst many of these fish arc captured both by sports and com- 
mercial fishermen. 

Spauming in the striped bass takes place in the spring, when males 
two or more years old and females four or more years old enter fresh 
or neariy fresh waters, sometimes not very fax from the sea, to re- 
produce. Groups of them gather at the surface, milling, splashing, 
and partly rolling on their sides, and during these activities the 
e^ are laid. Eggs are very numerous; about a million are produced 
by a ten-pound female. They Just barely sink, and while they are lying 
on the bottom, the slightest current or eddy lifts them up and swirb 
them around. They hatch in about two to six days, depending on the 
temperature. After spawning has been complct^, the adults return 
to the sea. 


Some smped bass on the Atlandc coast migrate extensively, going 
north m the spring and south in the fall, but the great maioriiy of their 
s^>-nm^ occurs horn New Jersey south. Their grossth u rapid; at 
the age of two year, a weight of half a pound is attained: at four years, 
more than two |»undi. The largest striped bass ever taken by an 
angler weighed fifty-seven pounds and was fifty-five and one-half 
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inches long, but the largest one ot which there is any hind of authentic 
record is reported to have weighed lej P™"*- S'"" 

slowly than females. The food ot the striped bass consists of a large 
variety of smaller fishes and cnisiaceans. 

The Black Sea Bass, CciUropruM sirialm, is one of more than tour 
hundred members of the large family ot true sea basses, the Serrani^e, 
This group includes the groupers and hinds from salt water, the whi e 
and yellow basses from fresh water, and the striped bass and white 
perch thit live in both kinds of water. The great majority ^ 
this family inhabit temperate or tropical seal, however The bla 
basses, it should be noted, belong to a separate group of iislies. 

Black sea bass are popular with wwcalled ' deep-sea fislierme , 
since they inhabit rocky bottoms at least a couple of fathoms deep 
and take the hook regularly. They are also ol some “ 

commercial toodhsh. They seldom eaceed four pounds, although th 
record angler's catch weighed more than eight pounds. 

The black sea bass straggles as far north as Maine “ 

far south as Florida and rarely the Gulf Coast, being 
oE the Middle Atlantic States, ft feeds on squid, crabs, and other 

"‘Rlproduction takes place in the late spring. The ^ 

that iZ they float freely at the surface of the “P'" 

slightly more than one thirey.second of an inch in ' ^^lel 

haTch L about five days. Males are more brightly “ 

being blue-black with bright blue and while >P"" 

Older males develop a fatty hump over the 

the breeding season. US function » — 

rh“inhVta;r^ 

predominate, but among j ^ organ, of numbers 

or 7 o, many females 

Ot black sea bass ic known, no sex-reversed individual 

gradually mm ,, „„n ume. Instead, many black sea 

“ mu .ZSp'oe-ncers and later in life become functioning 
males. 

The Snoited TewCsh. Tromicrops i/eiem, is the largest of all the 
ImerSZn.uper^it may reach a weight of 750 pounds. Most are 
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considerably smaller, however. In all, iliere are nearly forty different 
kinds of groupers and grouper-like fishes in the salt tsaters off the 
southeastern and Gulf coasts of the United States, and the West In- 
dies. Many of them are used for food; they arc usually caught by 
hook-and-Iine. The spotted jewfish is no exception, being regularly 
eaten in Key West 

This spedes feeds on other fishes and on spiny lobsters. Those 350- 
pound specimens kept in the New York Aquarium seemed especially 
fond of dogfishes, which they swallowed whole. One of tliese giant 
Jcwfish svould slowly approach an unwary tivo-and-one-half-foot dog- 
fish and suddenly open wide its jaws. The dogfish, sucked into the 
gaping maw by the strong current produced, would quickly and com- 
pletely disappear. At other times the large fish simply lay on the bot- 
tom and s\-aiied until a likely morsel swam by, before opening Its cav- 
ernous mouth to engulf ic Presumably these are the svays spotted 
jesvfish feed to nature, since they are sluggish and are usually found on 
the bottom near coral formations and sunken wrecks or under rocky 
ledges. They occur on both the and west coast of tropical 
America, from Florida to Braril, and from Losver California to Peru. 


Although the spotted jewfish possesses limited powers of altering it* 
coloration, many other groupers arc phenomenal quick-change artists- 
For example, the Nassau Grouper, Epirtephelus striatus, has at least 
eight different color phases, ranging from cream to dark brown- The 
fish can assume them at a moment’s notice, and may shosv several in 
the course of a minute. The spoued jewfish can take on four color pai- 
lerns: dusky black, dark gray with black blotches, creamy white with 
black blotches, and almost entirely creamy white. 

As many as six distinct patterns have been seen in indiriduals of 
some species of fishes sriihin only a few moments. These remarkably 
rapid transfoTmations result from the contraction and expansion of the 
pigment in thousands pf tiny pigmem celb in the skin of the fijh- 
There are four or fise different kinds of them distributed in sarious 
ways over the body. The multitndc of color changes are produced 
by the pipnent expanding and contracting in different combinations, 
^e fishe definitely change their colors to match their surround- 
ing. In these the ab’Oity to alter their pigment pauems appears to 
help protect them from enemies, but in the groupers— and many other 
fishes, too-the color patterns seldom seem to hide the fish. IXTut pur- 
pose they serve, if any. is unknown. All that we can be certain of a 
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that some patterns are definitely associated svith flight, hiding, resting, 
fighting, and other activities. 

Very little is known about the life history of the groupers save 
that tiicy lay eggs, supposedly in the spring. 


The Tilefish, Loftholatilus chamaeleanttceps, was tlte victim of one of 
the most famous of natural disasters known to have overtaken a fish. 
The species was not discovered until 1879. when a cod-fishing vessel 
happened to catch some in deep water off Massachusetts. Since it svas a 
large fish of good commercial possibilities, it was investigated ^ e 
United Stales Bureau of Fisheries and found to be abundant sviihm 
a circumscribed area ranging from about 90 to 150 fathoms in ept , 
all of a rather definite water temperature. Hardly had the new fishery 
become established, however, when vessels, arriving m New or 
from Europe in 1882, reported seeing vast numbers of dead and dy- 
ing fish, most of them tilefish. Perhaps 7>5oo square miles of sea were 
covered by these fishes; at least one and one-halt billion dead ulefuh 
were seen. ... 

As far as known, the catastrophe was caused by a siidden, drastic, 
but short-lived drop in water temperature brought *^0“^ ^ 
meteorological or geological event. For ten years not a ti e 
caught, and it was believed that the species had become extinct. But 
in 1892. eight fish were taken. From tlien on their numbers pad^^Uy 
increased Ltil, by 1916, over eleven and one-lialf million pounds 
were being taken annually. Since that time, however, l le 
tilefish has fallen off to such an extent that it is at present y 

.be sifensb is sssos. auroedve. I.s b bh^b 
green and its sides yellow or pink, both dotted svith ye ow 
is rose and white, and its bead is reddish towards the ^ 

low. It has a la.se svell-too.hed month and a pecul.ar, 
fatty flap projecting upward just in front of the ong 
fish may reach a weiglu of fifty pounds, but t e usu 

'’^:.!:hr::r:::ar the botto™ and feed on^n-^^^ 

vertebrates, crabs being the most important single 1 e 

casionally they eat other fishes. Spawning takes place ^ ^ 

and the Lall eggs Boa,. The family 

tileEsh belongs, Is principally found in tropical seas. 
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members are smaller rhan the tileTrsli. trot ertccerlins ciglileen inches, 
and none possess llic adipose, or faiiy, flap. 

The Bluefish, Pomatomus aallatrix, has been m,ened to an animate 
chopping machine. When a school of these ferocious, streamlined, 
sharp-toothed killers moves into a school of mackerel, menhaden, or 
herring, the carnage is truly colossal. 

Instead of completely devouring their prey, the bluefish siving 
through the group, wildly biting and slashing, and leaving most o 
their victims with half a body or with gireai pieces bitten out of them- 
When their stomachs arc filled, they apparently disgorge what they 
have eaten and begin all over again. Like blood-crazed dogs running 
amok in a herd of sheep, they seem to kill only for the jo)* of killing- 
After two unusually Urge sdiools of predator and prey have met. t c 
trail of blood and maimed fish floating on the sea has been said to 
stretch for miles. \Vhen feeding inshore, bluefish have been known w 
drive Uiousands of menhaden right out of the water on to the beach. 

Young bluefish. called snappers, emulate their parents, but do al* 
most all of their feeding inshore, and on smaller prey. Tliey 
rapidly, more than doubling their length in about Uiree months dur- 
ing the summer. Just where or when they are spawned is not known. 
Ripe bluefish are occasionally taken during the late spring or sum- 
mer on the Atlantic Coast, so it is presumed that reproduction take* 
place around that time. What little evidence there is, indiraie* that 
the eggs are laid over the continental shelf (the off-shore, undCT- 
water plain bordering a continent), perhaps fairly close to shore m 


some instances. 

The demand for bluefish usually exceeds the supply — both at the fish 
market and among sports fishermen. Roughly six million pounds arc 
caught by commercial fishermen each year, and probably an equal 
amount by anglers. Tlie fish arc taken principally with nets or by 
trolling. Bluefish weighing fifty pounds w-eie reported to have been 


uken m the old days, but today's maximum is only half that large. 

We do not always find the bluefish where we would expect to. 
though it is a widely distributed otxanic fish, there are large parts c 


the sea from which it is complaely absent. Bluefish roam the tc®' 


pcraie and tropical Atlantic, regularly travelin<» as far north as 
Maine during the summer and appearing oS Florida and the Gulf 
Coast during the cold months. This north-and-south migration doc* 
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not always closely foUo^v the thermometer, however; the movements 
of bluefish are to a certain extent erratic, and independent of the 
temperature of the water in which they live, niiiefish arc also found 
off the east coast of South America, on both sides of Africa, m the 
Mediterranean Sea, in the Indian Ocean, and around Australia. This 
fish is rare through most of the East Indies and completely absent n 
the Central and North Pacific. It is the only mernber of the fam y 
Poraatomidae, and is distinguished from all ot er s les on 
basis o! internal teatures and a unique combination of external o . 
The Horse Maelcrel, or Saurel, Trachutm tmehurn is not a mact- 
erel, bn, belongs to tlte family ot jaels. I. is an ^ 

distributed in tlte Atlantic, rare to the west and nort u c 
the east and south. Its most distingoishing feature ts a senes of larg 
scutes, or plates, that cover tlte lateral line from ‘■“‘I 
Structure has a sharp dip in It about halftvay dotm e 
The tiny buoyant eg^ are laid during the *«nimer. The young, 
whicli are less than one eighth of an inch long w en ’ ' ^ 

ently live near the surface of the open sea at all t>me. From a me of 
about one-half inch to nearly three inches, they ai q 
around jellyfish, under whose umbrella ’.jjjjgj large 

mackerel leeds upon young herring and p Icbard and m ttmes large 

schools of them have appeared ° j coast ot footlt 

thirty inches and is caught commercially on t 

The jacks, scads, pompanos, ninncrs, pilot fish, b^ded 
and yellowtail, as well as the horse maefcere , are me jj 

iiy Carangidae. More than two '■'■"^"ITd rera. secies 
the tropical and warm edible, and some 

tun many miles up troptcal rivers. ^etant luod fishes. They 

ate taken in sufficient numbers to be ^ therefore 

are strong swimmers and often take the h 7 

popular with sportsmen. 

The Pilot Fish, N'lnccotes durlot, 

large fish, especially sharks. The anaent ^ . e|,em how to 

fiu.de sailors svho had lost their “ ; ided by pilot fish, 

mach port. Whales, too, were s-PP®^ ^i^gy aid was held 
Thu fish also played a part m classic Greek my gr 
sacred in some places. 
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Observ-aiions in nature and in public aquariums have shown these 
beliefs — still held today by numbers of people — to be erroneous. The 
pilot fish does accompany slow-moving vessels and sharlj, sometimes 
remaining very close to them for long periods of time- Tlie reason for 
tliis behavior cannot very well be to guide the ship or lai^ fish, how- 
ever, because the pilot fish foUoa's rattier than leads. Tlie prospect 
of scraps from the ship’s galley or odd bits from the shark's roughly 
tom prey is a much more likely reason for the peculiar attraction. 
Moreoser, oceanic fishes of several sons seem to be drasm to floating 
objects, and some species arc charaacristically found resting under 
ihciTL Scientists suggest that living in the open ocean, where there are 
ser)' few things to sec, has made these fishes especially sensitise and 
likely to be attraaed to any objea tl»ai comes into view. 

The young of the pilot fish frequently take shclicr beneath floating 
seaweed and jellyfish or among the stinging tentacles of siphono* 
phoiw like the infamous Portuguese man-of-war. These small pilo* 
look so different from the adult that for a long time they were 
thought to be different species. Instead of being streamlined, lliey ve 
short, rather grotesque creatures s»-ith relatively enormous eyes and 
numerous spines about the head. They are hatched from small, float- 
ing eggs. 

The trim body of a grov^Ti pilot fish is distinctly marked srith five 
broad, dark vertical bands. The four small spines placed just in front 
of the dorsal fin and the keel on each side of the base of the uH Bn 
also charartcristic. A size of at least two feet is attained. The pilot 
fish ranges ihrou^out the tropical and warm temperate seas of the 

The Common Pompano, Trachinotiu azrolinus, is perhaps the most 
renowned of American tropical mariuc foodfish and one of the out- 
sunding epicurean delights among seafoods. Its average w eight is not 
more than two pounds, and less than a million pouni are marketed 
annually. The demand exceeds the supply, however, and many more 
pounds would be consumed if more fish could be caught. 

The finely scaled body of the common pompano has its dorsal and 
anal fins almost idemically located and both fins have their first few 
rays prolonged into a shajp^poinied. triangular extension so that one 
fin seems a mirror-image of the other. The color of the common 
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pompano is bluish grcm abuvss. shading into silvor below, svith yel 

'°'S,e th are often prevalent near the snrb Young speeimens are 

frequently thrown on the beaeh where they fltp-Hop 

sea to be picled up and tarried away b, the nex 

panos are tardy and tan live out of water longer 

ties. Common pompanos feed on the eggs an you g 

and on various kinds of shellhsh. When .tit, It, ^ 

teeth or none at all, but their small bony jaws W“'" 

quite adequately. Nothing is known o t e po p spring 

habiu savi that an extended spawning season dur.ng the late sprtng 

and early summer is indicated on the Gull coast. 
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The Yello>* tail, SffJoJrt rforia/o, srhools off the coast of California and 
souilncard. It lakes li\c or trolled lait casctly and is noted for its 
long rapid runs s^hen hooked. Commercial fishermen employ purse 
seines to catdt ycllowtail off the Mexican coast, but are prohibited 
from using this method in California uaters. The fish is sold both 
fresh and canned. The usual maximum size is about twenty pounds, 
but fish weighing more than eighty pounds arc on record- 

Although superficially it looks like a relative of the tunas, the 
ycllosvtail is a true member of the family Carangidac. Its spindle- 
shaped body is beautifully colored, bluish above and silvery below 
svith a conspicuous yellowish band running from eye to tail. As befit* 
so streamlined a fish, the yellowtail pursues such fa$t-sivimraing prey 
as mackerel and flying fish as well as sardines, herring, and shnmp- 
Spawning b said to take place in the spring, but practically nothing 
definitely known about the life history of thb fish. 

The Dorado or Dolphin, Corypheena hippunu, feeds on flying fishes. 
These often take to the air to escape, and the dorado has been de* 
scribed as Bushing them like quail. Their flight into another element 
may frequently be to no avail, for the dorado often swims as fast as a 
flying fish can fly, and snaps up the hapless creature when it drop* 
back into the water. The fastest accunte estimate we have of the 
dorado’s speed is a little more than thirty-seven miles per hour, a* 
measured from a moving ship. While in pursuit of prey, tlie dorado 
often leaps from the water itself. 

like a brilliantly colored knife, thb fish cuts through the vsatcr, it* 
narrow, long, triangular body bong admirably designed to offer little 
water resblaucc. Its powerful tail b tipped with a deeply forked cau- 
dal fin. and along the whole ba^ runs a soft, many-rayed doisal- 
Laiger specimens, espcrially males, have very high foreheads that 
may rise almost perpendicular to the long axb of the body. Because 
young spedmens l^k thb character, they were originally described as 
different spedes. At one time, in fact, there were nearly a soJre of dif- 
ferent kinds of dorado luted; now ii b believed that there b only one 
spedes, or at the most two. They mate up a family of their own. th« 
Coryphaenidae. 

Dorados are renowned lor their coloration. A group of them can 
fill the water with electric blue flashes, it has been said. Luminous 
blues, royal purples, radiant greeiu and rich gold are all incorpomted 
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into their color sclieme. This changes so rapidly that it practirally 
defies description, save to say that the fish’s back is relatively dark 
and its belly quite light. Soon after capture, die vivid colors fade, go- 
ing through a whole series of striking variations— as if some scaet tire 
within the fish had been extinguislied, leaving tlic exterior gra ua y 
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grown indhnduals are frequently found in numbers around or undCT 
floating objects like logs or bunches of Pacific kelp or Atlantic 
sargassum weed and gulf sveed. The ancients took ads-antage of this 
habit and set bundles of reeds in the water to attract dorado, which 
sverc then caught with hook-and*Iinc. 

The Gray Snapper, Luljanut gnsem, has often been called tlie most 
intelligent of fish. Described as tvar)'. alert, strong, swift, and adapta- 
ble, it has been held up as an excellent example of the highest desel- 
opment in modem, spiny-rayed fishes. 

Gray snappers can be found throughout the ^Vcst Indies and Ber- 
muda svhere they often are the roost noticeable element in the fish 
population. North of Florida the species occurs only as a straggler, al- 
though it has been picked up as far north as New’ Jersey. To the soudi 
it is found along the coast of Central and South America to Branl. 
Shaped like a t^-pical spiny-rayed fish sviih a single dorsal fin, pel'tc 
fins far forward and its large jaws armed with sharp teeth, the gray 
snapper seems well equipp^ to meet the necessities of underwater 
existence. Its usual maximum size is fire pounds, but indiriduals 
w'eighiog as much as eighteen pounds have been reponed. 

In belm’ior the gray snapper reminds one of nothing so much as 
"a guy always out to make a buck." Groups of them can be found 
around docks, stones, mangrove swamps, and coral reef formations, 
hungrily alert for any food that might become available. They usu- 
ally do their hunting at night, however, feeding on crabs, shrimps, 
squid, worms, and small fishes. They sometimes can also be seen ac- 
tively feeding during the day, however. A gray snapper will slowly 
stalk iu prey until from one to three feel away from it. Then with a 
sudden burst of speed it dashes forward, seizes the unfortunate vic- 
tim. turns sharply and returns mote slowly to the general area from 
which the rush vvas staned. to await more food. Bits of floating sea- 
weed are often examined intently for some morsel that might be lurk- 
ing in them. Gray snappers will swim dose to shore, paralleling the 
course of people walking along the beach, so they can catch the crabs 
that, frightened by the people, scuttle into the water. Scraps of all 
sons from kitthen or galley are avidly taken— even such things as 
bread, poutoes, and beans, that one would suppose to be not s'«T 
tasty to a fish which lives chiefly on animal food. 

Because of their obvious alertness and aggressiv cness, gray snapped 
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have been employed in experiments by scientists interested in animal 
behavior. It has been discovered that they can distinguish between 
various colors and patterns of their prey and can easily he taught to 
avoid certain types by associating them with a distasteful flavor or 
other unpleasant stimulus, provided by the experitnenter. 

In some places gray snappers can hardly ever be caught svith hook- 
and-Hne, but in others they are not so wary. They are liard fighters 
when hooked and are used for food. 

The Lutjanidae, the family of snappers, comprises some 250 spe- 
cies of fishes from tropical and warm temperate ocean waters, mostly 
near shore. They arc hard-hitting, flesh-eating fishes, and provide 
good sport when hooked. A number are extensively used for food, in- 
cluding the Mutton Fish and the Schoolmaster of the West Indies. 

The Red Snapper, Luljanus aya, ranks with the pompano as one of 
the most famous foodfish of tropical marine waters. It is also re- 
nowned for its lovely rose-red color: a red snapper served for dinner 
on a well-garnished plate looks as marvelous as it tastes. This bright 
color distinguishes it from most other snappers, but there is at least 
one other species of red-colored snapper with which it has been con- 
fused. 

. The red snapper inhabits deep water in the Gulf of Mexico, the 
Caribbean Sea and adjoining regions. It is fished by hook-and-line. 
The principal area for the fishery is located on the Campeche Banks 
off the coast of Yucatan; other smaller banks are scattered oil the 
Gulf Coast of the United States and Mexico. We knotv practically noth- 
ing about the life history of the fish. What little evidence there is 
indicates that it spawns in the deep water in late spring or summer. It 
is known to attain a weight of seventy-nine pounds. 

The Bluestriped or Yellow Grunt, Haemuton sciums, is usually 
striped with chrome-yellow and lavender-blue, but these bright colors 
can be temporarily lost, the fish becoming entirely gray. During the 
day bluestriped gnmts gather in groups around coral formations and 
underwater growths, and at night they scatter to feed on smalt crus- 
taceans, mollusks, worms, and brittlestars. Tlieir range is from Florida 
and tJie West Indies southward to Brazil. They are also found in 
Bermuda. 

As in many other grunts, the lining of the mouth is a brilliant red. 
Often, t'vci bluestriped grunts vill approach each other head on. and 
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one will suddenly open wide iu mouth, plainly displaying the bright 
interior. Tlie other svill Uien follow suit. Often the two will approach 
each other so closely that the top and bottom of their jaws touch. Then 
tliey will back off slightly and repeat the strange performance. Tlie 
exact significance of their maneuvers is not known, but it seems quite 
possible that tliey are a svaming or recognition display by svhich the 
fish are told of the presence or intent of their fellows, Otlier species 
of grunts perform in a similar manner. The blucstriped grunt grows 
to a length of about one and one-balf feet. 

The grunts, family Pomadasyidae, are closely related to the snap- 
pers, differing from them most prominently in the arrangement of 
teeth. Like the snappers they inhabit tropical and warm temperate 
seas, are flesh-eaters and are much used for food. Among the grunts 
are the margates. porkfish, pigfish. and tomtaic. 

The Pigfisb, Orthopruiis ehrysopterus, makes distinct grunting 
sounds when it is hooked, revealing by iu behavior as well as iu ap- 
pearance Uiai it belongs to the grunt family. It is caught both by 
anglers and commercial fishermen, but is a foolish of only minor im- 
portance. Usually it is most tasty, but once in a while an individual 
with a distinctly bad odor and ustc turns up. This unpleasant quality 
is acquired by eating acom-wortns. which are peculiar svorm sliaped 
creatures (not really worms at all), whose bodies are strongly scented 
with an evil smelling chemical similar or identical to iodoform. The 
great majority of pigfish cat less odoriferous bottom-inhabiting crea- 
tures such as small crustaceans, bivalves, worms, and a fetv starfish. 

At about ovo years of age pigfish spawn for Uie first time. They are 
then somesvhat over eight inches long. At die latitude of North Caro- 
lina. spawning may begin as early as mid-March and extend through 
June, the height of activity occurring in May. 

The female lays her eggs inshore early in die evening. They arc 
perhaps half the size of a pinhead, float at the surface and hatch in 
about one and one-half to three days. The newly hatched pigfish is 
only about one-sixteenth of an inch long and floau helplessly on iu 
back, with iu relatively large yolk-sac uppermost. By the time it is 
three days old. it lias absorbed piacUcally all of die yolk, has assumed 
an upright position, has surted to grow fins and is able to sw im. It is 
of course still completely at the mercy of iu surroundings and remains 
vs for some time. 
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The pigrisli occurs along ihc coast of the United States from Massa- 
cJnijctls JO Texas, but it is uncommon nortJi of ^'i^•giJlia. Dtiriiig ll»c 
cold months it disappears from its usual inshore haunts, returning 
in the spring in a rather thin and nin-doivn condition. Just srhcrc it 
spends the winter remains a mystery. The maximum size is about fif- 
teen inches. 

The Northern Scup, Stenotomus chrysalis, often falls victim to otter- 
trawls, pound-nets, floating traps, purse-seines and hook-and-line, 
since there is a good demand for it. Tlic otter-trawl — in whicli the 
net is spread apart by two large boards — accounts for most of the 
catch. Some twenty million pounds of northern suip are sold com- 
mercially each year. 

These fish spawn in the bays and other inshore waters of southern 
New England and tiie Middle Atlantic States from Nfay to August. 
The tiny buoyant eggs hatch in forty hours at 78 degrees. The larvae 
are less than one-eighth of an inch long; by their first winter they 
have grown to about iliree inches. Adult northern scup average about 
one pound. Scup are bottom feeders, and gather in groups to eat 
crustaceans, mollusks, worms, and small fishes. 

Tlie Sparidae or porgy family, to which the northern scup and the 
sheepshead belong, contains more than one hundred different species. 
They are found mostly along tropical and warm temperate shores, but 
some live in quite cold ivater, especially around South Africa and 
southern Australia. Here the largest species seem to occur; for exam- 
ple, the Musselcrackcr, Cymatoceps nasutus, oE South Africa grows to 
weigli more than one hundred pounds. In tiiese regions the sparids 
are among the most important fishes used for food. 

Fishes of (his family are also of commercial value along the cast 
coast of North America and in the West Indies, the Mediterranean Sea 
and tljc Red Sea, in which regions the greatest number of species 
occurs. They are relatively rare in the western Pacific, still rarer in the 
central portion and on the west coast of South America, and are ab- 
sent from the west coast of North America. A few of the sparids enter 
brackish and fresh water. 

The Slieepshead, Archosargus probatocephalits, was once common 
arotind New York and svas a commercially important species in Chesa- 
pe.ake Bay and on the coast of the Gulf of Mexico. To the regret of 
fishermen, it is now unknown in the vicinity of New York, has practi- 
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cally disappeared from Chesapeake Bay and has greatly declined 
along the Gulf Coast. Tlie reason for this striking decrease in abun- 
dance is a mystery. 

The shecpshead has been recorded as far north as the Bay of Fundy, 
but it seldom appeared north of Cape Cod and then only during the 
summer and early fall. From North Carolina southsi'ard it is a year- 
'round resident. It occurs as far south as Tampico, Mexico. Very game 
svhen hooked and sery tasty when sers’cd, the shecpshead is popular 
with sports and commercial fishermen. It reaches a length of thirty 
inches and a sveight of twenty pounds, but averages no more than six. 

The ses'cn dark vertical bands on the body of the shecpshead are 
distincth'e. The single dorsal fin is strongly spined, as is the anal. 
Prominent incisor teeth give its mouth a somewhat "buck-tooth” ap- 
pearance. It has a long digestive traa of the kind usually associated 
sviih fishes that feed on vcgeuuon, but it eats both aquatic plants and 
shellfish. 

The eggs are very small and float, hatching in about forty houn at 
77 degrees. Spasming ukes pbcc in the spring. When they are only 
half an inch long, baby sheepsheads already resemble their parents. 
Their rate of growth u slow. 

The Tripletail, LoboUs surinamensis, disappointing to relate, docs 
not have three tails. Still, lookingat it, you might almost think it Ined 
up to its name— die rear portions of its dorsal and anal fins are quite 
large, and form, iviih the caudal fin, three dbiinct lobes, all about the 
same size, giving the illusion of three uil fins. 

Adult tTipletaih are mottled dark brown; younger fish are lighter 
in color. They reach a length of three and one-half feet and a u eight of 
at least fony-one pounds. They are good eating, but are nowhere 
caught in sufficient quanuty to make them a r°egular market fish. 
Tnplctails frequent a variety of coastal regions, including the 
mouths of nvcTs— where they congregate around jetdes, WTecks. fallen 
nee-tops, and so forth— and otct rocky or coral bottoms. They range 
tom Cape Cod to Honda and the GuU Coast, and funher south. A 
few have been taken in the Mediterranean. They o en tr along the 
tropical east ct^t of ^ca and the eastern Asiatic coast from south- 
Including the East Indies. They are also oc- 
casionally found in other warm ocean waters. 

The spawning of the triplctaU u believed to occur during the late 
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summer in the tropical western Atlantic. The eggs and larval fisli 
have yet to be described. Young individuals about three and one-half 
inches Jong remarkably resemble dead leaves floating on the sea, not 
only In appearance but in behavior. Observations of a small captive 
specimen revealed that it habitually lay on one side at the surface of 
the water, usually with its head slightly dosvn, moving only by means 
of its transparent pectoral fins. If sHglilly disturbed, tlie fish seemed to 
rely on its deceptive resemblance, because it would move away quite 
slowly, never abandoning its posturing. If thoroughly disturbed, say 
by a net, it would dart away for about eighteen inches, then im- 
mediately resume its leaf-mimicking beliavior. ^Vhen mangrove 
leaves were thrown into its lank, the small tripletail carefully moved 
over among them, in effect schooling svlth the leavesl 

The tripletail belongs to the family Lobotidac, a small group of 
three or four species. Two of them are confined to salt, brackish, and 
fresh waters of India, Burma, southeastern Asia and the East Indies 
and one has been reported from the Pacific coast of Panama. 

The Atlantic Croaker, ^^icro/^0gon undu!aius, is named for the noise 
that it produces. When the fish is out of water, the sound is like a very 
low, rasping croak, but under water it has been described as consisting 
of rapid drum rolls that resemble the distant sound of a pneumatic 
drill being driven into asphalt. It can be heard through at least 
twenty-five feet of water. The fish accomplishes this by rapidly vibrat- 
ing the walls of its swim bladder (air bladder) by means of two spe- 
cial muscles attached to it. The swim bladder is apparently modified 
to provide a noise-making apparatus, having a peculiar shape with 
two hornlike extensions at the front end and a single tailUke one at 
the rear. 

Most members of the family Sciacnidae, to which the Atlantic 
croaker, the weakfishes, and the drums belong, are capable of pro- 
ducing sounds. The significance of this ability is not understood, al- 
though it may welt have social import, that is, the fish may employ it 
to communicate with one another. Both male and female Atlantic 
croaken can produce sound, but the male's apparatus is more robust 
than the female's, and he is said to produce a louder sound. In the 
weakfish, only the male has the muscles necessary for noise production, 
or “drumming." as it is called. 

The study of underwater fish sounds has become increasingly im- 
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portant. With the development of hydrophones for listening beneath 
the surface in order to detect submarines and other vessels, it became 
necessary to recognire those sounds made by the natural inhabitants 
of an area, so that they might be accurately distinguished from those 
made by motors and propellers. Tlic bottom of the sea turned out to 
be quite a noisy place, with snapping shrimp and a number of fishes 
being among the loudest of all aquatic life. Wc now have recordings 
of many of these sounds. 

The underslung mouth, minute barbels on cither side of the lower 
jaw, and slight extension of the middle of the tail fin distinguisli the 
Atlantic croaker from other members of its family. The eggs of this 
fish have not yet been described, but studies on the condition of ripe- 
ness in grown fish and the appearance of very small ones in differ- 
ent locaiilies indicate that spawning extends from August until Janu- 
ary on the east coast of the United States, and from October to Febru- 
ary on the Gulf Coast. This is an unusually long reproductive season 
for an egg-laying fish. 

Croakers are one of the principal foodfish of the Middle Atlantic 
States. They are also extensively caught by anglers. Tliey average 
about one pound, the maximum being five or more. Croakers them- 
selves feed mostly upon small animal life, including crusuceans. 
worms, bivalves, and snails. 

The family Sciaenidae includes several fishes of economic impor- 
tance as foodfishes. There are about 150 species in all, most of them 
from shallow, warm, salt water. Some species venture into colder 
regions, howoer, some into mid-ocean and some into brackish ivater. 
A few tropical species live mote or less permanently in fresh water. 
One species, the Freshwater Drum, Aplodinotus grunniens, occurs in 
streams and lakes from Guatemala to Canada. 

The Red Drum or Channel Bass, Sciaenops ocellata, can be most 
readily recognued by the round, black, spot on the upper part of the 
base of the tail fin. This well-known food and game fish is found from 
New York to Texas, but exists in large numbers only south of Chesa- 
peake Bay. Tile largest specimen ever caught uith rod-and-reel 
weighed eighty-three pounds and was fifiy-tivo inches long. 

From the presence of ripe adulu and the appearance of very young 
specimens, scientists judge that spaw-ning takes place in tlie late fall 
and winter. In Texas the height of the reproductise season appar- 
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cntly falls in October. The eggs and Jarvac are unknown, however. 
The principal food of ilic red drum consists of shrimp, crabs, and 
small fishes. 

The Black Drum, Pogonias cromis, lias been known to make so much 
noise, when gailiered in a school near a ship at anchor, that it has kept 
sailors awake at night. The fish's swim bhidder is especially well de- 
veloped, with tough, thick walls, and attached to it are special mus- 
cles which, when contracted, cause the hollow sac to vibrate, produc- 
ing the sound. 



DRUMMER OF THE DEEF 

Th« ceimnen drvnfith, er blo«ii rfrvn, which along tho Allonlic ce«il of tho Uni’td 

Slolof. In obl# lo pcodvro o drmrmif>g *onnd bj, conirocling Iho muscJot of }fs swim bladdsr. 
Not* tho barboli of Iho boHom of Iho fhh'n lowor jaw; spparnnil/ Ihois "failori'' holp It 
lecotn Iho worrni and ihoim>h on whkh h foodi. 

Some black drums arc caught commercially, mostly along the coast 
of Texas. Their average weight is, roughly, four pounds, but speci- 
mens rvcighing almost 130 are known. Tlie fish is a bottom feeder, 
eating various bivalves such as clams, mussels, and oysters, and also 
crabs, shrimp, and svorms. Large black drums crush the shells of 
these CTeaturcs sviih tlicir strong, broad, pharyngeal (throat) teeUi. 
Undoubtedly the numerous short barbels located on the underside 
of the lower jaw aid in locating tliis bottom-dwelling food. 

Spawning takes place mainly from Febniary to May along the Gull 
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CoosL Large specimens are very prolific; a forty-four-inch female con- 
tained more than five million eggs. Young black drums arc marked 
with five wide, dark, vertical bats. These arc lost during growth. 
Older fish are usually a uniform dusky gray although some arc cop- 
pery in color. 

The Gray Squeteagueor Weakfish, Cynojcton regalis, is a poptilar fish 
both with commercial and sports fishermen. About twenty-five mil- 
lion pounds are taken each year by she former alone. The range of the 
fish extends from Massachusetts to Florida along the Atlantic coast. 

The weakfish gets its name from the character of its mouth and 
flesh — these are quite easily tom. Its java’s appear anything hut weak, 
however, die lower one’being quite prognathous (protruding) and 
the upper one having two large anine teeth, or fangs. The record 
v«eakfish ever caught by rod-and-reel weighed seventeen and onc-lialf 
pounds and was nearly four feet long, but die average is considerably 
less than this. 

Like other memben o! Its family, the weakfish produces sounds, 
but only die males possess the necessary apparatus to do this. They 
are espedally noisy around spawming areas during the reproductive 
season. Spawning ukes place from May until September. The eggt 
are laid some distance offshore in ceruin places and inshore in others- 
They are buoyant and hatch in one and one-half days or a Hide 
longer. Maturity is usually attained at die age of two years. Food 
consists of various fishes, squid, and shrimp. 

Quite extensive migrations up and down the coast are made by the 
gray squeteague. and during cold weather they seek deeper water. 
The fish generally travel in large groups although they do not seem 
to be a schooling fish in the strict sense of the word, as arc herring and 
mackereL 

The Spotted Squeteague, Cynoscion nebulosii, can be distinguished 
from the gray squeteague by the presence of compicuous, round, 
black spots on the body and dorsal and caudal fins, and by the ab- 
sence of small sales on the anal and second dorsal fins. It ranges from 
Nest k ork to Texas, but is rare north of Y'irginia. Like its more north- 
ern relative, it is an important food and game fish. It does not grow 
quite as large, however. 

The kVhite Sea Bass. Cynoscion nobilis. is not a bass at all. but is 
closely related to the weakfishes of the Atlantic. It is one of the most 
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popular o£ all the marine game species on the Pacific coast of the 
United States and is also fished commercially. It reaches a length of at 
least five feet and a weight of eighty pounds. TIic record rod-and-rcel 
catch nearly equaled this, weighing seventy-seven pounds, four 
ounces. 

^Vhite sea bass range from southeastern Alaska to southern Cali- 
fornia. They are uncommon north of San Francisco, however. Spawn- 
ing takes place from MareJt to August. Squid, crustaceans, and various 
fishes make up their food. 

The Red Mullet, AtuUus suTmuUtut, belongs to the group of goat- 
fishes or surmullets, family Miillidae — it is not a true mullet. You can 
easily recognize these fishes by their bright golden, orange, or rose 
colors and by the two prominent fleshy barbels that hang down from 
the lower jaw. The great majority of tlie forty or so species range be- 
tween eight and sixteen incites in length. Some are esteemed foodfishes. 
They inhabit the shores of alt tropical seas, sometimes entering brack- 
ish or fresh water. A fetv species, suclt as the red mullet, are found in 
cool temperate waters. 

We find red mullet from the Mediterranean Sea to Norway. They 
occupy tite more northerly parts of their range during the warmer 
months. Their eggs are laid during the spring and summer to float 
in the open sea, and are slightly more than one thirty-second of an 
inch in diameter; they hatch in about one week. Like other goat- 
fishes, the red mullet seeks its food on the bottom, apparently using 
its barbels to detect the motiusks, crustaceans, and worms upon which 
it feeds. It reaches a length of about fifteen inches. 

This fish has been used for food since ancient times. The Romans 
sometimes paid fabulous prices for large specimens: one fish was 
equal to a slave in value, or even roughly equivalent to its otvn weight 
in silver. Red mullets were paraded around Roman banquet halls so 
that the guests might watch the beautiful play of colors over their 
bodies as they died. TTiey were abo kept in fishponds as pets, and it 
is reported tliat one wealthy fancier sho^ved much more concern 
over the health of his fish than that of his slaves. 

Tlie Leaffish, Monocirrhus polyacantbus, drifts idly through the 
tvater, looking for all the world like a dead leaf. Its compressed body 
is roughly leaf-shaped, and is colored tan or brown with appropriate 
mottlings, making it an excellent mimic of a leaf that has died and 
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fallen from some bush or tree into the svater. To complete the illu- 
sion, the fish has a single stout barbel on its chin that appears exactly 
like the dead leafs stem. The pectoral fins and the rear portion of 
the dorsal and anal fins arc so transparent that they are praaically in- 
visible. By sibraiing these, the fish can glide through the svater, seem- 
ingly propelled by imperceptible forces. 

Sometimes the leafiish lies motionless on its side, but more often 
it rests quietly upright with its head lower than its tail. YVlien some 
likely fish strays into its vicinity, the leailish stalks it until close 
enough. Then, ss-iih a sudden dart, accompanied by tlie opening and 
closing of its great mouth, the larger fish completely engulfs the 
smaller one. 
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waters of northern South America. Tlicy reach a length of about 
three and one-half inches, 

LeafHsh are members of the family Nandidae, a sniall group of 
freshwater fishes with a most peculiar geographical distribution. In 
India, southeastern Asia and the East Indies there arc five or six 
species, in tvest Africa there is one, and in nortiiern South America 
and Trinidad Uiere are two or three species, of which one or two arc 
leaffishes. Scientists liave been puzrled as to how this group of pri- 
marily fresh-water inhabitants came to occupy three such tvidcly iso- 
lated localities. The larger species, whicli are from Asia and reach a 
length of about eight inches, arc used for food. Among these Asiatic 
forms, two or tlirce are occasionally found in brackish water. 

Tlie Ardier Fish, Toxolei jaatlatrix, shoots its prey with drops of 
water. (It must have been named long ago, because the drops it 
shoots are more like bullets than arrotvs.) This fish cruises about the 
surface until it spots some likely insect resting on a leaf or bank near 
the water, titen carefully manciiven into position, pokes its mouth 
up out of tlie water and squirts a series of well-aimed drops of water 
at the intended prey, usually knocking it into the water with the first 
few aquatic ‘‘bullets.” Up to distances of four feet archer fish are al- 
most one Ijundred per cent accurate. Large spreimens — tJ)ey reach 
lengths of eight to ten inches — can propel water as far as twelve feet. 

On the outside, the archer fish gives us no clue as to how it performs 
these remarkable feats of markmansliip. Although its body shape is 
characteristic, it has no prolonged snout or other obvious apparatus 
for spitting water, its mouth is not large and is angled doisaiwards 
quite sharply, but is not very different from that of many other fishes 
that never expel drops of water. lu eyes are large but unspecialized. 

Only when we examine the inside of the mouth do sve discover the 
water-propelling mechanism. Running along the roof of the mouth is 
a narrow groove. The tongue is quite mobile and can be raised to fit 
against this, thus making a thin straight tube. Through this the fish 
lorces svater by quickly clapping down its gill-covers. The tip of the 
tongue probably acts as a valve. 

The accuracy of this waterborne artillerist is truly marvelous, con- 
sidering the complicating factors oE refraction and distortion. The fish 
keeps its eyes under water while shooting and therefore must com- 
pensate for the change in direction of light rays as they pass from air 
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into water, as tvell as the deformations resulting from ripples and 
other disturbances of the water's surface- 

Archer fish eat water as well as land creatures. They live in fresh 
and brackish waters, usually near the coast, of southeastern Asia from 
India to the Philippines. Nothing is known of their reproductive 
habits except tliai they undoubtedly lay eggs and that nesvly hatched 
young are seen in May around Bangkok, 'ITiailand. There are eight 
different species of archer fishes, all hailing from southeastern Asia, 
Australia, and the islands of the southwest Pacific. They comprise the 
family Toxotidae. 
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Climbing Percb, Figbdng Fisbes, 
and Then* Relatives 


If you never knew it before, by now you have observed 
that the fish world u far from humdrum. Its unexpected marvels 
startle the imagination. Once you take a close look at the fishes, you 
simply have to revise most of your fixed opinions about them. Even 
that standard symbol of helplessness, “a fish out of water," will not 
hold up against some of the strange realities to be told about in this 
chapter— fishes that are actually wayfarers on the land. 

Most fishes, we have seen, are dependent on the gases dissolved in 
the svaier in whidi they live. They breathe by absorbing these gases 
into the blood stream as the water passes around their gills. But the 
fishes in tins group often do perfectly well with the air outside the 
water. They possess an extra breathing device— a pair of cliambers 
above their gills. Some of these fishes have in the chambers a laby* 
rinth-like series of plates, and it is for these that the order was 
named Labyrinthici. 

Because they can breathe the air directly, these fishes manage to 
exist in places coo warm or foul for the great majority of other fishes. 
We often find them in swamps, small ponds, ditches, and rice paddies 
— in tlie fresh waters of tropical Africa, southeastern Asia, the East 
Indies, and the Philippines. Most average less than a foot in length. 
The larger species of the labyrinths — that is what we call the members 
of this order — are used for food. 

The climbing perch, paradise fishes, various gouramis, and the 
Siamese fighting fish and other bettas belong to the family Ana- 
bancidae (this name comes from a word meaning "to go up,” and 
most of these fishes do just that when getting a gulp of air). Some of its 
fifty or more species are popular tenants of the home aquarium. They 
are wonderful in many ways, not the least being the ritual that sur- 
rounds the laying of their eggs and the rearing of their young. Males 
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of the Siamese fighting fish, tlie paradise fishes, and most of the 
gouramis make a floating nest ot bubbles to hold the eggs. Tiie giant 
gourami goes furdicr — it builds a nest of plants. By comparison, the 
climbing perch appears indifTercnt, for it lays floating eggs and does 
not care for them in any way. But the Cape kiirpcr of South Africa 
guards its adhesive eggs, witicli are laid on stones or oilier submerged 
objects. In two or three species of bettas we find an odd quirk indeed: 
the males carry the eggs in their mouths until latching. 

Floating eggs are the rule with tlie $nakehe.ads. The males of this 
group (family Ophicephalidae, with about thirty differcni species) 
forsake ilieir otherwise savage habits at breeding time to stand guard 
over the eggs. Tlie snakeheads are the largest of alt the labyrinths; 
they rather resemble the North American bowfin in appearance, and 
one or two species grow as long as four feet, ^fucli smaller is the 
pikelike Lvciocephalta pulcher { a single species comprises the fam* 
ily Lucioccphalidae). It is only about seven inches long, and dwells 
in southeastern Asia and the East Indies. We believe it to be a mouth- 
breeder — that is. to carry its eggs and young in its mouth. 

The Cluaibing Perch, Anabas lestudinem, b often brought alive to 
market in a basket and can be kepi alive out of water for a whole diy> 
simply by sprinkling it with a little water from time to lime. Tlie fish 
brcaUies air by means of a pair of special cavities, located over the 
gill chambers and containing a series of thin, bony plates, arranged 
more or less in circles with a common center. These plates are cov- 
ered with a merabrane that is provided with a good supply of blood: 
through ilicm the fish gets its oxygen. Ordinary gills are also present, 
but are so reduced in size that the fish drowm if kept under water. It 
must regularly come to the surface to uke a gulp of air. 

Not only can the climbing perch live out of water, but it some- 
times voluntarily leaves iu aquatic home to travel overland. It docs 
this by extending its gill^overs out to the side and then flopping alter- 
nately to the left and righL The gill covers with their backwardly 
projrcting spines prop the fish in a partly erect position and are alter- 
nately stuck into die ground, acting somewhat like a pair of short 
crutches as the fish hitches along. In spite of its jerky, ungraceful 
mode of getting about on land, the climbing perch can travel consid- 
erable duianccs— It has been known to cover three hundred feet in 
about thirty minutes. 




CLIMRING PEKQI AND THEIR. RELATIVES 1561 



Tlie climbing pcrcli inhabits all sorts of fresh tvaters in southeast- 
ern Asia from southern China to India, and in Ceylon, tite Philip- 
pines and the islands of the East Indies Feeding principally on in- 
sects, shrimps, and snails, if grosvs to b« a little more than nine inches 
long. It is an important foodfish in many parts of the Orient. 
Climbing perch lay floating eggs, and the parents cake no care of 
them. Other species of climbing perches arc found throughout much 
of Africa. 


The Giant Gourami, Osphroncmits gommy, has been widely trans- 
planted through much of the tropical Far East. So widely, in fact, 
that no one is sure just tvhere the species originated — perhaps China 
was its natural home or perhaps it tvas first found in southeastern 
Asia and the East Indies. At any rate it is at present one of the most 
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imporiant Eresh-water foodfish in southern Asia from India to China, 
rvhere it is extensively cultured in ponds. 

Pondfish culture is an excellent tsuy of obtaining cheap and palata- 
ble food of high protein content. This fact has only gradually been 
recognized and put into practice in Africa and North and South 
America. On the other hand, pondfish culture has been of great 
economic importance for some time in the Orient and in parts of the 
Middle East and Europe. In the United States of Indonesia alone 
there are at least three hundred thousand acres of fishponds, and in 
Poland there ivere perhaps two hundred thousand acres before the 
second ^Vorld War. 

The giant gouraml attains a length of at least two feet and a weight 
of twenty pounds. It is primarily a vegetarian, but eats a good deal of 
animal matter if available. Being an airbrcaihcr. It can inhabit waters 
llwt are quite tvarm and stagnant. 

SpatsTiing may occur the year 'round. Male and female select some 
spot along the edge of their pool or some rocky crevice to use as a 
point of anchorage, and construct about it a nest made of aquatic 
plants. With their mouths they gather plants, carry them to the nest- 
ing area, and form them into a rather elaborate structure not unlike a 
bird's nest. Its shape wries, but it alu-a)^ has an opening on one of its 
lower sides. Its maximum dimensions arc approximately tweh’e by 
fifteen inches, and it rests about six inches beneath the surface. Nest 
making occupies from a week to a month. FinaUy the female spawns, 
lying on her side while doing so. As many as two thousand lemon- 
yelloiv, buoyant eggs, a little less than one-eighth of an inch in di- 
ameter, are laid in the nest and then covered over with nesting mate- 
rial. 

Both parents guard the nest, uking turns in sraiching it and dr- 
ralating water around it by fanning wiOi their fins. Hatching occurs 
m ten to fifteen days. The young are about three-sixteenths of an 
inch long when Uiey fini emerge from the eggs and float upside down 
at the surface. After two days they sink to the bottom, but remain 
belly upward. By the fourth or fifth day they are able to swim upright. 


^e Siamese Fighting Fish. Bella spUnderu, has been selectively bred 
for fighting and endurance by the Siamese for the past century. Other 
t IT selectively bred by the Siamese and 

breeders m other nations for large fins and beautiful colors. The re- 
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suits of these two lines of endeavor are distinct types of fish, so differ- 
ent that at first glance they appear to belong to entirely separate spe- 
cies, although they can still interbreed. 

Figluing fish that have been bred for fighting qualities are practi- 
cally identical in appearance with the wild fish from ivhidt they 
were originally derived. Adult males, whicli are the fighters, reach a 
maximum length of about two and one-half inches. They are short- 
finned creatures, dull brown in color except when displaying before a 
female or threatening another male. Then they show the most gor- 
geous array of reds, golds, blues and blacks, all delicately intermixed 
in a subtle yet definite pattern. 

\Vild fighting fish are pugnacious, and if two males are placed to- 
gether in a tank, they will fight for perhaps as long as fifteen minutes. 
Specially bred fighting males, however, often fight continuously, with 
only brief respites in order to breathe, for as long as three hours, and 
they have been known to keep up a combat for as long as six hours be- 
fore one of the adversaries finally refused to carry on the battle any 
further. The fish attack one another with their small sharp teeth, 
tearing each other's fins and scales. The Siamese "fight" these fish like 
gamecocks; such contests have been popular sporting events in 
^lailand for several hundred years. 

In contrast to the figluing strains, those fish bred tor beautiful col- 
ors and shapely fins have lost some of their ability to do battle. In- 
stead, the large males exhibit great, flowing dorsal, caudal, and anal 
fins that are sometimes longer than their bodies. Their colors in- 
clude red, maroon, blue, green, and cream. Even in these sho^vy 
strains, however, the females are quite uninteresting in color and fins. 

Wild Siamese fighting fish are found in ponds, ditches and other 
sluggish waters throughout Thailand. They feed on animal life, prin- 
dpaliy small fresh-svater crustaceans and insect larvae. They are said 
to be invaluable destroyers of larval mosquitoes. In Bangkok there 
are people who rabe mosquitoes in order to sell the larvae to the 
numerous breeders of fighting fish there. Like other members of its 
group, the Siamese fighting fish is an air-breather and is thus capable 
of living in quite foul water or in very close quarters in captivity. 

The male Siamese fighting fish builds a floating nest of froth by 
blowing innumerable small, stidty bubbles that cling togetlier at 
the surface of the water. Male and female embrace under the nest, at 
which time a fetv eggs are laid. These are heavier than water, and as 
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means “spiny toothed.” small, the young usually pass through a 

peculiar stage: the head is armed with bony plates. Tliere are well 
over two hundred different spedes; the majority dwell in the East 
and West Indies and around other tropical islands, one or two spe- 
des venturing into brackish water. 

The butterfly ffshes (family Chaetodontidae) and the angel fishes 
(family Pomacanthidae) are the typical members of the order and 
indude the \-ast majority of the spedes. The angel fishes are generally 
larger, teaching tsvo feet in length. They are used for food in certain 
places. 

We must travel to the far side of the world to meet some other 
members of this order. The scats (they make up the family Scato 
phagidae) regularly live in brackish and fresh water as well as salt, 
from the Red Sea through the Indian and western Pacific oceans as 
far north as Japan, as far south as Australia. The largest of the dgbt 
species attain a length of about one foot. In the more tropical part 
of their range we find their exotic relatives, the Moorish idols. 
The stout beak, the long. sdmitar.^aped dorsal fin. and bold, verti- 
cal black, yellow, and white bands quickly distingnish them from 
all other fishes. There are only two spedes of these brigbt-hued crea- 
tures (tmilf Zandidie). The spadefishes (they form the family 
Ephippidae) occur in shallow, tropica], and warro-icmpciate seas, 
in the western Atlantic, w-iih two or three in the eastern Pacific and 
one in the Indo-Pacific region. There are nvo or three other small 
families of Indo-Padfic fishes in ihb order. 


The Foureye Sntterfly Fish, Chaelodon eapistratiu, frequents coral 
reefs and adjacent areas from Panama to Florida and Bermuda. Strays 
are occasionally found as far north as .Massachusetts; these are almost 
always young spedmens that hare been orried there by the GuU 
Stream. •' 


Sirongly contrasted with the delicate yellow of this fish is the bUck 
band ™on«ng vemally through iu eye. the black eye itself, and the 
U^e black spot just beneath the rear portion of the dorsal fin. 
V'l S^'cs the fish its name. Young indiddu- 


^ « d«P body that is quite 
SI e to side, being very similar to the angel fishes in thi* 
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regard. It has, however, two dorsal fins and these immediately distin- 
guish it from them. Its coloration ranges from almost white to al- 
most black, but usually consists of about five black vertical bars on a 
silvery gray background. 

Spadefish have been taken along the Atlantic coast from Cape Cod 
to southern Brazil. They arc only summer visitors north of Florida, 
and north of Chesapeake Bay they are rare at any time. The only ex- 
ception to this is Bermuda, into whose warm waters spadefish have 
been introduced by man, and where they live all year 'round. Spade- 
fish are regularly used for food, but do not usually enter markets 
north of Panama. They reach a length of three feet and a weight of 
ten pounds. 

The one-sixteenth-inch buoyant eggs are laid during late spring 
and summer. Hatdiing occurs in one day at 8o® Fahrenheit, and the 
newly hatched young are a little less than one-eighth of an inch long. 
When less than an inch long, they are jet-black svith completely trans- 
parent fins and they deceptively resemble the blackened pods of 
mangrove trees that are present In the water in some places at the 
same time the young spadefish are. This resemblance is greatly en- 
hanced by the behavior of the fish, which allow themselves to be 
rolled in gentle surf just as the inert pods are moved about by the ebb- 
ing and flowing water. 


Surgeon Fishes; Creatures wlh 
Dangerous Tails 


1 HE SURGEON, or doctoT, fishcs and the tangs carry curious 
Weapons, to which they owe their names. On each side of the base of 
Uie tail they bear a sharp spine. These spines are shaped like a sur- 
geon's lancet, and the fish can point them forward and outtvard, to 
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gash or maim other Fislics as it swims hy. Appropriately enough, the 
order is known as Acanihuroidei ("spiny tails"). Hotrever, in some 
species the spines are replaced by flat, bony plates. 

Not quite one hundred species are known, inhabitants of tropical 
seas, frequently around reefs. All belong to the family Acanthuridae. 
Some species are brilliantly colored. A few have a grotesque horn 
growing straight forward out of the forehead, giving them the name 
“Unicom fish." In fishes of this order the body is somewltat flattened 
from side to side and is covered with fine scales. There are numerous 
spines in the fins, and the pelvic fins are located well forward. The 
teeth are chisel-like and the mouth small. 

The Doctor Fish, Aeanlhurus hepatus, is equipped with a raror-sharp 
spine on cither side of the base of its tail fin. These lancet like struc- 
tures can be raised and directed forsvard, in whiclj position they are 
formidable weapons. The fish inflicts deep svounds by coming along- 
side another fish and sideswiping it as it passes by. Doctor fish OQ 
also badly cut the hands of an incautious fisherman igporant of its 
hidden weapons. 

This is a common fish in the West Indies and occurs south to 
Brazil. North of Florida, svith the exception of Bermuda, it exbts 
only as an oaastonal straggler. It reaches a length of about ten 
inches. It feeds almost entirely on vegeuble matter, mostly marine 
algae, having teeth well developed for browsing. Sivimming is largely 
accomplished by rowing" movements of the pectoral fins, the tail be- 
ing used only in times of stress. 

The young are almost completely transparent and drift svith the 
floating creatures of the surface of the sea. Depending on when they 
are earned inshore, these larval fish, which may be only three-eighths 
of an inch long at this time, leave their floating life and take up a 
more or less bottom existence. At the same time they start to trans- 
form into adult-like fisli, completing the change in only two days. 




Demoiselles and Cieblids 
— Colorful and Clever 


Anyone who believes fish to be stupid creatures that just 
swim around, performing their life functions m a dull, untnteresting 
manner-wbose only ■•cleverness" lies In their abtl.ty » esape the 
hook or net— should make the acquaintance of the remarkable dem- 
oiselles and cichlids of the order Chromides. ,1.., 

Here are rishes whit complex and adaptable behavtor ' 

are truly amazing. Many of them show a sense 
appropriating some underwater place as thetr 'fty o . 
plLted courtships and the teamtvork the, use tn "P 

families remind one of animals like dogs , “ 

be much higher in the evolutionary scale. A few '‘V' " P 

with deadly sea anemones. It is fortunate 

be kept in home aquaria, where their astontslttng acttvttte. may be 
watched firsthand. , _ „u. 

The demoiselles (family pomacentndae) arc . Pj 

water fishes, in general brightly colored, an y cruaidcd 

reels and tide pools, do far as 
by at least one of the parents. The Deau gr b / B 
fish are demoiselles. . , t .u al- 

• Theclchllds (family ClthUda^i'-p^"^^^^^ 
though several spectes Approximately 

and a tew can live tor ^ ,,fyVestern Hemisphere, they are 

SIX hundred species are known. In the > South 

found from Texas south tiuottglt Cm-wal Amertca and most rf Somh 

America and also on some g gigerent species in 

numerous in Afnca; for example, tn 7 ,T,rnmide 5 from 

Lake Nyasa alone. Only two species occur rn Asta, the chrom.des from 
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southern India and Ceylon. The members of this family range in sire 
up to nearly two feet, but most species grote to be less than half as 
long. Nearly one hundred kinds of cichlids have been imported into 
Europe and North America at one time or another as aquarium fishes 
for fish fanciers. 

Our knots'ledge of the intricate reproductive behavior of these 
fishes is based mostly on observations of captive specimens. Some kind 
of parental care is always in evidence. Frequently the male and 
female cooperate, both sharing — although sometimes unequally — 
in the tasks of preparing a site on which the eggs are laid, in guarding 
and cleaning the eggs, in transferring the hatching eggs or newly 
hatched young to specially prepared piu, in herding the young about, 
and in guarding them and pairing them to bed in a pit at night 
Sometimes the male alone assumes these responsibilities: in a few 
species, the female alone does so. A good deal of individualltj- is also 
shown, and the fish often modify ihrir behavior to meet the different 
situations they encounter. 

The demoiselles and cichlids ate distingubhed from all other 
perchlike fishes by having a single nasal opening on each side of the 
snout— all other splny rayed fishes have two on each side. They also 
hase charaaeristio of bony structure shared only with the Holoconri 
(sea perches) and Pharyngognaihi (scrasses and parrot fishes). 

Eftpomacentrvs leucoslielus, takes possession of a 
bit of territory at the bottom of the shallow sea or in some tide-pool 
and defends it against all comers, particularly other members of 
the same species, a number of Beau-gregories are kept to- 

gether in an aquarium, they kill one another off until there are few 
enough fish that each one is able to have a territory of iu otvn. Only 
llien does the killing cease. 

In nature ea^ territory usually includes some shell, nook, or 
OTnny into which the Beau-gregory retires during the night and 
from which the fish sallies forth in daylight to feed or to chase awaf 
some intruder. During the breeding season, which extends from Ute 
spnng throughout the summer, similar or identical places are em- 
ploy^ as n«u to shelter the eggs, which the male Beau-gregory 
guards and cleans with constant care. 

Not only natural shelters— such as the shells of conchs and bi«lves. 
or the under surfaces of coral rocU and comMike sea-fans-are oti- 
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they have started to assume the color patiem of the adult, and at this 
lime they drop to the bottom to search for an anemone of Uieir own- 
Clotvnhsh are quite prolific One captive pair had sixteen broods 
wiiliin eight montlu. In nature, reproduction takes place during roost 
of the year. 


The Black-chinned Mouthbreeder, Tilapia macrocephaUs, leads a 
complicated home life of the kind usually associated with creatures 
much higher than fishes in the evolutionary scale. These fish pair off* 
the male and female courting each other by nodding their beads, puff- 
ing out ilteir throats or qutsering in «ew of eacli other, and by chas- 
ing, nipping, or slapping eacli otiicr with their tails. The female 
courts more vigorously than docs the male. 

As time for spawning approaches a nest is constructed by scoopmg 
out a round or o\-al depression in the bottom and cleaning »t roost 
carefully. The female, too, is tlte more active nesl-builder. Then the 
pair begins to stvim over the nest, the female in front of the male, w 
what might for a while be called false spawning activity, and finely 
about fifty large eggs are laid and feniiixed. These are not spherical 
but assume a variety of shapes, averaging somewhat more than one- 
sixteenth of an inch in their greatest dimension. 

Soon after the eggs have been laid, the male approaches the tiers 
and picks the eggs up with his mouth. If he delays in doing this, the 
female nips him violently and slaps him vigorously vvidt her tail. lo 
rare instances the male still refuses to take over his parenul duuo. 
and at last die female herself picks up Ujc eggs. If the male is sroal , 
there may be loo many eggs for hb mouth, and the female will then 


take into hers those Uiat arc left over. 

The c^s generally hatch in five day^ but the young arc carried m 
the parent’s mouth from tv»o to fifteen days longer. Once they ba^'e 
been released, the young are no longer cared for in any way- »• 0“ 
carrying eggs or young, the parent fish docs not Feed, but more or 


less continuously churns its offspring about. 


The black-chinned mouthbreeder is a native of tropical west 
where it inhabits both fresh and brackbh waters, principally swaro^ 
and lagoons. It sometimes reaches a length of about tv^elve inches, 
general appearance b not indicative of any strange behav ior nor is 
light olive coloration very striking. A series of irregular black 
around the head, especially the lower jaw, b responsible for its name 
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Among ihe numerous species of cichlids that are mouihbreeders, 
several different patterns of behavior are shown. In many Tilapia, the 
baby fisli arc released from tlic female's mouth to forage under her 
watchful care, returning to her mouth in times of disturbance and at 
night. This is also tnte of the large genus Haplochromis, of which the 
Egyptian moulhbreeder of home aquaria is a member. In certain 
South American cichlids, the eggs arc apparently not carried in the 
mouth, although the young arc. Among these species the male alone 


does the carrying. 



The Scalare or Fresltwaier Angel Fish, PUropkyllum cMei, is next 
to the guppy, the best known of all the small tropica is les p 
pets. Its stately appearance and unusual hardiness m cap y 
made it a favorite wiUi fanciers, and its 

for regular breeding under controlled conditions has kept P»P“>" 
with professional lUh culturists. Wen sc.lares were 6rst imported. 
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small ones sold for as {iiitdi os trn dollars cjrlt. Imt tlicy arc noir 
(ommcrcblly bred in such large numbers that they arc often priced 
as low as twenty-five cents. 

Mative to the Amazon Basin and llie Guianas, scalarcs inhabit shal- 
low, quiet streams and backwaters tlut arc well supplied with aquatic 
vegetation. The fish reach lengths of five to six inches. They are quite 
narrow from side to tide and quite deep from back to belly. The pec- 
toral fins are each drawn out into a fine ray tlut may be lialf again as 
long as the fisli itself, and tlie tail fin has a long ray at its top and 
bottom. These, and the high, sail-like dorsal fin, give tlie fish a roost 
elegant appearance, which is not belied by its deliberate and graceful 
movements. Tlie color is silvery, with four vertical black bands. 

The eggs of the scalare are laid on the Icav es of aquatic plants or on 
Uie more or less vertical sides of stones. Both parents care for their 
eggs and young- 


Sea-Percli— Spectacular Live-Bearing Fish 


Oft the Pacific coast of N’orth America dwells ao interest' 
ing and important group of fishes, the sea-perch. Every year, fisher- 
men draw over one hundred tons of them from shallow waten, from 
Baja California to Alaska. We also find them in fairly deep sea water, 
and Cliinese and Japanese fisbennen look for them off their 
One species, too, lives in streams in California. So, although sea-peron 
are most at home in shallow coastal waters, we see that they have 
adapted themselves co varying places and conditions. 

The most striking thing about the sea-perch is the way it bears lU 
young. Unlike most other fishes, u brings its offspring into the wu 
alive, not in the form of cg^. The mother fish may carry her unbotn 
babies in her body quite a while, and they may be remarkably mature 
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at birth. That is why scientists named UiU order Holoconti ( bom 
whole"). Such young hshei have relatively tew prohlems ot survival. 

An adult sea-perth may be five to eighteen inches m length, de- 
pending on its species. (There are tweniyfive m the tamily Embio- 
Ldaef which niakes up the order.) The lips are thick and fleshy. 
Pelvic fins are close behind the pectorals, and some o! the fins hate 
spines. A good help in identification is the tuirow on eacli side of die 
base of the dorsal fin. 

The Shiner Sea perch, Cymologasler aggregalus, brin^ lorUi its young 
alive-and in such an advanced condition that widim l'«° 
birth die young males are courting leinales and mating ''“1 *“'■ 
In other w-ordlfbaby male shiner sea-peich arc already sexually nia- 
ture when bornl This has been proved not only by their V 

adult behavior, but also by microscopic examination » 
glands, which shows that they arc in a condilion comparable to 

‘"S:;“are .,uite ordinarya^earing 

elliptical bodies and rather fleshy lips. ^ a-, almost black 

in color, darker on die back than on die belly. Males ate » most b ck 

during the winter and spring. The, are ‘"'f. 

reaching a l»gth 'j,';: Jd,? closely, 

re'rrrriliL geuLrot.-^^ >■ ■';= f 

From April to July, shiner sea-perch appear m shallow waters [tom 
mudiern ilifornia to Alaska both to delisrn- their young and o male 
for the next year's offspring. The eggs within the female are not fer- 
tilited until midwinter, boweven die male sexual secreuon remain, 
dormant within the female's reproductive tract until d, at time. The 
eggs are extremely minute, being slightly more than one one- 
Imndreddi of an inch in diameter. Yet these tin, eggs develop n o 
baby fish that are more than one and one-fourth inches long a birth. 
Thil great increase in sire is made pins.ble by the feeding of the de- 
veloping embryo within the mothers owiry. The embryonic fish at 
first feed through a gillopening by means of microscopic, ha, r-IAe 
cilia that produce a current by rhylnnically i.aving, and 
into the embryo's digestive tract die more or less liquid 
in which the developing fisli floats. This nourishment is P™’'" ^ 
the walls of the ovary, which secrete a special subsunce and 
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also pcTiodically shed pari of themselves into the ovarian fluid. The 
specially produced liquid, the part of Uie ovarian walls shed into it, 
and excess sperm are all consumed by the embryonic shiner sea-perch. 

For five to six monilts Use fish grow inside tlieir motlter. As they get 
larger they become packed quite tightly witliin the ovary. A six-indi 
female usually has about sixteen ofcpring in a brood, each of which 
is about one-sixth as long as she is. As many as thirty-six )oung 
have been counted in a single litter. Iioivever. Netviy born females are 
not as well developed as males; nevetUieless iliey give birth to their 
first brood when just one year old. 

The food of the shiner sea-percli consists principally of small crus- 
uceans and other invertebrates. 

Several other species of sca-percIi are more important econoroirally 
than is ilie shiner sea-pctch. A goodly number of Uie latter are 
brought to market, however. In all, about three hundred thousand 
pounds of various sea-perch are caught commercially each year m 
the United States, while several species are popular anglers’ fishes. 


Wrasses and Parrot Fishes 
—D^yellers oi the Coral Reefs 


It is in the warm waicrs oE tropical seas around the t»or!d 
that we are most likely to find the gorgeously colored creatures known 
as wTasses and parrot fishes. Here they swarm around coral reefs and 
gather in large numbers in coastal areas. Strange, vivid fishes, they are 
among the most flamboyant yet beautiful of things that live m the 
water. 

It is no easy matter to observe the ways of the wrasses and parrot 
fishes in these faraway places, and many of their habits still remain 
an unopened book to us- if we could watch these dwellers of the coral 
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reefs up close, sve ;vould see some fascinaiing happenings, lioivever. 
For example, we rnight behold some of the razor fishes — a kind of 
wrasse — building cone-shaped mounds of coral fragments with a cen- 
tral crater in which they would later bury iltemselves to hide from 
enemies. Perhaps Uiey use tlicse retreats as nesu, too, but we arc not 
sure. 

We might, too. sec other wrasses patiently wedging seaweed into 
rocky crevices. This is no aimless activity — the fishes arc actually build- 
ing nests to lay their eggs in. The eggs of Ujcsc species are heavier 
Uian sea water, and the nest helps to assure tlicir safety. Some wrasses 
and parrot fishes lay lighter eggs, and these float buoyantly on tlie 
surface of die sea. 

The fishes in this order feed on mollusks and other hard-shelled 
creatures, as tvell as the plant life they find in their native waters. 
Sucli a diet is not an easy one to swallow, but the wrasses and parrot 
fishes arc strikingly equipped for the task. In their diroats tlicy have 
an eflicient natural mill. The throat bones are fused together, and out 
of them, boUt at the top and bottom of the gullet, diere usually grows 
a series of pavement-Hke or hemispherical teeth that serve to grind 
the food. (The order name — Pharyngognatbi— means “throat-jatvs.") 
The jaw teeth are aiso scrongand prominent. In the parrot fishes they 
are more or less grown together, often to form a distinctly parrot-like 
beak, from which these fishes get their name. The fins are well spined 
and the pelvic fins have a rather forward position. 

Some of the wrasses are at home in quite cold ocean waters, and in 
both tropical and temperate regions they arc caught for fewd. Most 
species (there are about 450, forming the family Labridae) do not 
exceed one foot in size, but a few attain lengths of more than two 
feet and one reaches more than seven feet. Among ilie better-known 
wrasses are the tautog, cunner, hogfish. California sheepshead, pud- 
ding wife, senorita, bluehead, and razor fishes. Sometimes males and 
females are strikingly different in color pattern and shape. Tlie par- 
rot fishes (there are more than one hundred species in the family 
Scaridae) range in size up to about four feet. 

The Tautog, Tauloga onitis, feeds dnefly on shellfish, especially mus- 
sels. dams, and barnacles. It has two types of teeth, conical and flat; 
the former are used in liolding and tearing prey, the latter in crush- 
ing it. The tautog is a stocky fish with an arched forehead, thick lips 
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and an extremely deep base to the tail fin. The single dorsal and anal 
fins are well spined. Its color is very dark green, gray, or black. 

Tlic range of die tautog is along tlie Atlantic coast of Nordi Amer* 
ica from New Brunswick to South Carolina. Reproduction takes place 
in die early summer. The small eggs arc buoyant and hatch in t»o 
days at about 70 degrees. The record fish si'cighed pounds and 
was 36^ inciies long, but any individual over ten jwunds is unusual. 


The Bluehead or King Slippery Dick. ThaUusoma bif^isciatum, un- 
dergoes a remarkable series of color changes as it grows up. How puz- 
zling diis has prosed to scientists you can svcll imagine. Young 
less than one-half incli long Itasca wide dark brown band that exten 
from die snout through the eye to die tail fin. Above this band the 
slender body is generally pale green; below, it is white somewhat 
tinged with pink. No problem so far— but as the fish get larger, males 
and females become more and more unlike. 

In the females, the band breaks up into a series of blotches and 
the lower portion of die body becomes a pale blue with a pink^ 
tinge. The males pass through several stages, eventually exliibi^ng 
a deep blue or greenuh head, separated from a boide-green body by 
two w'ide, irregular, black bars that run from the dorsal to die 
fins, just behind the peaorals. Between diese two black bars die body 
is pale blue. The tail of die male develops an extension at its upper 
and lower edges, making it appear as if a semicircle had been cut out 
of die rear. 

So different arc all the various stages that they were once thought to 
be different species of fislies. Not until large scries of specimens o 
successive sizes were available for study, and die actual cJianges 2 


been witnessed in fish growing up in aquaria, was the confusing 
lion straightened out. To make things even more complicated, nw 
sometimes assume female coloraiioo and there are some medium 


siz«i individuals that are predominanUy yellow. At night a different 
color pattern is assumed, but the bluehead does not try to match ui 


surroundings by altering its color scheme. 

Blueheads are found around Florida and Bermuda and in the '' 
Indies. During the day they actively swim about coral reefs and other 
underwater growths, often in small groups. Apparently diey feed prm 
cipally on small crustaceans. Young specimens are sometimes s«n 
pecking at the bodies of larger vvhich do not seem to mind 
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attention. It has been thought lliat the small blueheads sverc picking 
parasites oil Uic other fish, but no parasite has ever been found in 
their siomadjs. 

At night blueheads hide in shells or bury themselves in the sand. 
Spawning takes place in the sumincr. The eggs are very small and 
float on the surface of tlie open sea. Ulueheads readt a size of sue 
inches. 

The Blue Parrot Fish, Scarus coeruUus, is usually colored a robin's- 
egg blue and so brilliant is this pigment that die hsh seems to shin< 
liirough its large scales as if luminescent. Sometimes it shows darkci 
stripes or blotches, and rarely it becomes very pale throughout. It 
reaches a lengdi of about three feet. 

Blue parrot Bsh straggle as far nortli as Maryland, but are not at all 
common nordi of Florida except around Bermuda. They range as far 
south ais Panama. During the day most of their time is spent in feed- 
ing; they browse on the bottom, eating algae and other marine 
growths, which they remove in a daJniy fashion yet widi considerable 
bree by means of dieir sharp, beaklike teeth. They sometimes take up 
mouthfuls of fine sand, swallowing it after diewing it with their 
throat teeth, presumably to obtain very small bits of organic material. 
Vegetable matter appears essential to their diet— they will not live 
long in captivity unless they have some to feed upon. At the New 
York Aquarium, dicy consumed sea-lettuce. Viva, with seeming relish. 

The Radiaut Parrot Fish, Sparisonta radians, has a most variable col- 
oration. In addition, the male is differently colored from die female 
Consequently this Bsh has been described as a new species no less 
than seven different times by scientists who did not know that the 
specimen or specimens diey had in hand were merely color or sexual 
variants. 

The male also differs from die female in possessing lateral canine 
teeth (fangs) when only two inches long, wliile the female docs not 
grow diem until almost three indies long At this sire the females are 
mature. They lay pelagic eggs (Boating on the open sea) during die 
summer. Specimens nine indies long have been reported. Their range 
jndudes Bermuda, Ron'da, and the West fndics, south to Brazil. 

The Lesser ^Veeve^, Trachinxts xripera, conceals itself in the sand in 
shallow waters from the Mediterranean to die British Isles, and Is re- 
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sponsible for the sign sometimes seen on British beaches: Ware 
CTS. These small fish, reaching a length of about five indies, are 
equipped with a single, long, needle-sharp spine on each gill-cover and 
with five smaller spines in the first dorsal fin, all of which have poison 
glands at their bases. Anyone unfortunate enough to tread on a Ic^r 
weever, or foolish enough to handle one carelessly, suffers agoniring 
pain when pricked by these poisonous spines. Such cases often require 
hospitalization, and recovery from the injury is a tedious, painful 
process. 

The spawning season of the lesser weever is from May to Septem- 
ber. Their buoyant eggs are about one-sixiecnth of an inch in diame- 
ter. Hatching occurs in about ten days, and the larvae float at the 
surface of the sea for some time before settling to ilie bottom to tale 
up an adult-like existence. Tlicy feed on small crustaceans and fishes. 

TTte weeven, of which less than half a dozen spedet arc known, 
make up the family Trachinidae which belongs to the order Tracht' 
noidea. Tliey are found In the eastern Atbntic Ocean and in the 
Mediterranean Sea. It is believed that they axe related to the sian 
gazers. 

The Northern Electric Stargazer, AUroicopus guhelur, buries itself in 
sand at the bottom of coasul waters off the eastern shore of the 
United States, from New York to Virginia. Its eyes are located on the 
flattened top of its bead and look directly upward. Its large mouth n 
practically vertical, the tip being at the same level as, and just in front 
of, the eyes. ^XTien the stargazer is covered with sand, only its minute 
eyes are visible. From this hidden position, it makes short dashes to 
catch unwary fishes passing by; it then settles back on the bottom^ 
and, with a few wri^les of its body and pectoral fins, it is again per 
fectly concealed — all within the span of a Few seconds. 

Just behind each eye is an oval, bare spot; this is the site of the u^ 
per end of a column of electric tissue which extends down throu^ 
the head to the roof of the mouth. The electric shock from these ot 
gans cannot compare with that of the electric eel or the torpedoes m 
strength, but when the fish is handled, it ean be readily felt. Its 'O t 
age has not yet been measured, in bet aD that seems to be knowm 
about the electric stargazer's discharge is that the top of the head u 
negative, the bottom positive, and tbaf it is under the voluntary con 
trol of the fish. WTicther or not the fish ever uses its eleciriaty to 
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obuin food is unknown, although wliat evidence there is indicates 
tliat it is only employed defensively. The electric organs are derived 
from parts of the fish’s eye muscles. 

Anotlicr peculiarity of the electric stargazer is that its nostrils open 
into the mouth, enabling it to breathe water througli them while hid- 
den under sand. (The noses of the vast majority of living fishes consist 
of U-shaped sacs which open only to the exterior and are used for 
smelling, not for breathing.) This species reaches a length of twenty- 
two inches and a weight of about twenty pounds. liggs that float are 
laid during tlie late spring. At first tJie young also float about, but by 
fall, when they have grown to be somewhat more than an inch long, 
they have taken up life on the bottom. 

Not all tlie stargazers, whidt comprise tlie family Uranoscopidae. 
possess electric organs; only a few of them are so equipped. Less than 
twenty-five species of stargazers are known, but they inhabit most 
tropical and warm-temperate seas. All of them live at tlie bottom; a 
few, in considerable depths. The largest species slightly exceed two 
feet in length. 

The European Stargazer, Uranoscoptis icaber, possesses a fleshy, frilled 
filament, which can be extended out of its mouil) and wiggled about, 
simulating the motions of a small, red worm. Lying concealed in 
sand or mud, this stargazer is able to lure other fishes within reach of 
its capadous jaws. Like other members of its family, the European 
stargazer lays eggs that float on the open sea. These eggs are about 
one-sixtcenih of an inch in diameter, and are spawned at night dur- 
ing the late spring and summer. This species is found in the warm 
pans of the eastern Atlantic and in the Mediterranean. It attains a 
length of about thirteen inches. 



Bleimies— Some Are Wolffishes 


WiiAT BLZNMES L.\CE. in si/c and popularity, they mal-c up 
in oddity and interest. The more we leant about them — and there 
is still a tremendous lot we do not know — the more fascinating they 
become. For example, some of the blennics seem as much at home on 
land as Uiey do in the water! A few of these liiUe creatures spend 
almost half their time hopping about on rocks and reefs. They »« 
not w’ashed up there by rough seas either — they leave the svato’ of 
their own free wilt. 

Most of the blennies proper (family Blennildae) are small fishes 
less Uian six inches long. They lose shallow, warm salt waters. Here, 
among the rocks and seaiveeds of shores, tide pools, reefs and inlc^ 
they hide from enemies on the prowl. Only relatively few dwell in 
cold or fresh waters. 

In crevices or under shells and other submerged objects, the female 
blenny lays her e^s. These, so far as wc know, are axlhesivc. In many 
species the male stands guard over them. Often you can tell bun 
apart from die female — diSerenccs in the color and shape of the sexes 


are fairly common. 

Tlie kdpfishes or klipfuhes (family Clinidae) remind us of the 
blennics proper in many ways. Tlicy, too, generally fasor shallo''' 
waters, in tropical and temperate regions, and are often seen in tide 
pooh among rocks and seaweed. Some arc quite brightly hued, and 
males and females occasionally hate a differenUy shaped body an*! 
fins. A number of species give binh to living young, and one kind it 
is found in the West Indies — uses the inside of Ih ing sponges as a nurs- 
ery. Kclpfuhcs arc usually larger than the members of die preceding 
family, but seldom exceed one foot. Tlie two groups, together, include 
perhaps five hundred species. 


In die cold waters of die North Atlantic and Pacific live the savage- 
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looking iv’olirislies (f;}n]i)^ Anarliichatlidac). Tlicse btcnnics ]>a\c pou’* 
crful ja^\s armed wiili strong fangs in the from and heavy plates of 
rounded grinding tcetii behind. Wolfnshes they arc in name and ap- 
pearance. and their disposition seems to be fearless as well. Uut they 
use their formidable biting and chewing equipment not so much to 
prey upon other fish as they do to rake up and crush the hard-shelled 
mollusks upon whicli they frequently feed. 

By and large, the ivol/Iishcs are giants compared to tJte oilier bJen* 
nies we have been talking about. The common Atlantic wollTish aver- 
ages about three feet in length. The eastern Pacific breeds a super- 
giant, a very elongated creature Uiat i caches eight feet. For Uic way it 
cares for its young, ilic wolfTish of the Atlantic is especially interesting 
to US. It spawns large eggs which are tltcn formed into a ball. One of 
the parents stands guard over it to keep it from harm. 

Of the several otiier families of cold-water blcnnies only the eel- 
pouts of the cold seas of the Nortliem and Southern Hemispheres are 
of any economic importance. Some species lay eggs, otiiers give birth 
10 live young. 

As a group, the blcnnics and their many relatives are dinicuU to 
define. They do Iiavc one or two bony features in common, but we 
cannot see tliesc from the outside. The ventral fins, if there are any, 
are far fonvard, just in front of the pectorals. These fins have cither a 
single spine followed by up to four fin rays, or just this small number 
of rays without any spine. The body, rather elongated, sometimes re- 
minds us of an eel's. The dorsal fin usually extends the full length of 
the back, but may be shorter. Tlic blcnny’s anal fin, too, is long, ex- 
tending over much of its under side. Spines may or may not be present 
in iliese two fins. Some species lack scales; none is Fully Kaled, and 
tlms tile blenny is a rather slippery fisli. Accordingly the order to 
which it belongs is called Blennoidei ("slimy”). Tliere are about 
eighteen families in all. 

The American Eelpout, Macrowarces americanus, is one of the many 
fishes, generally considered to be "trash" species in the commercial 
fisheries of the Atlantic coast of llie United States, that in reality are 
€XC€)lent foodSsh which could provide many people ii'lth nuiTitious, 
tasty, yet economical fare — if only the prejudice against their use could 
be overcome. Some progress In the education of the consuming public 
along these lines has been made: for example, four million pounds cf 
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celpouts were marketed during the uar years, 19^3 and 1944- One 
cannot overestimate the importance of this kind of development in 
conserving our strained natural resources. 

The appearance of the eeipout is undoubtedly the principal rea- 
son it is unpopular. It is an ugly fish with a heavy head, a large mouth 
surrounded by tliick lips and a long, tapering body. Tlie long dorsal 
fin is continuous with the tail fin, uhitdi in turn is continuous with 
the long anaL The coloration of the eeipout is variable but somber. 

This bottom-dwelling fish ranges from Labrador and Newfound- 
land to Delaware, and from shallow waters to those of considerable 
depth. It feeds principally on crustacearu and mollusks. Maximum 
length is three and one-half feet and maximum weight about twelve 
pounds, but specimens over three feet arc rare. 

Reproduction is by means of large, heavy eggs about one-fourth of 
an inch in diameter. These are laid during the late summer and fall 
down into cevices or other protected places, and are there guarded by 
one or both parents. From tvvo and one-half to three and one-half 
months elapse before hatching, depending on the temperature. A 
close relative of the eeipout Europe, Zoorces viviparus, gise* 
birth to living young. 


Brotulids, Cusk-Eels and Pearlfishes 
— Liltle*KnoiFii Oddities 


31 osT OF L's have never even heard of these fishes, but they 
deserve to be known because of their extremely curious ways of lifc- 
Some of the most remarkable of the group are the brotulids <faniily 
Brotulidae). AlUiough ilic greater number are at home in the deep 
sea. a few strange species live out their lives in the darkness of fresh- 
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tvatcr C3VCS in Cuba and Yucatan. We call tbcsc cavc-dwclIcrs "blind* 
fisii," for they liavc only the slightest traces of eyes. Still, tltcy have 
managed to make up for their lack of sight: they have developed liny 
growths or barbels on their heads to serve as "feelers." Thus the blind 
species ate perfectly at ease in the pitch*black underground waters, 
where c)cs would be of no use to them anyway. They give birth to 
living young, as do some, if not all, of their ocean-going rckiiivcs. 

Equally fascinating arc a group of small, eel-shaped rrcaiurcs, the 
pcarifishcs (family Ficrasferidae). The pcarirish often makes its home 
inside Ute shell of the pearl oyster or some other living mullusk, or it 
may ukc up quarters in some other animal — the hind-gut of a live 
sea-cucumber or a starfislt is not an unlikely place to find a pcarirish. 
From time to time it leaves Uiis strange shelter to scarcli for food or 
to lay its floating eggs. Not all pcarllisha live in otlier creatures, and 
many prefer to haunt rocky crevices. Almost every shallow, tropical 
sea is the dwelling place of some of tlicse little oddities. 

Because they arc built on the general lines of the eel. the next fam* 
ily we shall turn our attention to is known as ilic cusk-ecls (Ophi- 
diidac). One, a five-foot giant that snakes tiirougli the waters off 
South Africa and Australia, is a good catch for .my fisherman, being 
esiecmcvl as a foodfish. Most. Uiougli. are under a foot long. They are 
deep-water Ashes of the warm seas, as a rule. 

Wliat obvious features, then, do the fishes of this order — Ophidi- 
oidci ("snakclike”) — have in common? Gcncrany, their resemblance 
to the eels u the one lliat strikes ns strongly. Their bodies are quite 
elongated, and the scales arc tiny or absent altogcilicr. Usually there 
is no tail fin, and Uie other fins lack spines. The ventral fins, if pres- 
ent at all, arc located far forward and reduced to a few rays. 
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PowEBJFUL, far-ranging swimmers with strcanrlinetl bodio 
that cut through the ocean waters at great speeds — such are the ma ^ 
crel. the tuna, the sivordfish, and most of their relatives. Because their 
flesh is savory and rich in oU. and because ll>ey frequently travel about 
in schools— and therefore can be easily caught in large numbers— sev- 
eral spedes base become exaemely important foodhshes. Some pu* 
up a staundt fight in Uie cauhing. and are highly prited as gamC’ 
fishes. . . 

The mackerel is typical of iu family (Scombridae), which inciu 
the bonito, tuna, albacore, and skipjack. With i»inted head an 
spindle-shaped body, it is superbly contoured for sliding tlitough c 
rvt-an with the ease of a torpedo. Like Uic rest of its family, "hi ' 
coniaiiu about fifty species, it makes iu home in all ilie temperate 
and tropical seas of the earth. Only in warmer seas do we find ^ 
Spanish mackerel and its strangely named rclaiise tlie wahoo. a dar 
blue deniren of die ssaters ott Florida and die West Indies. Tliesc 
belong to a separate family (Scomberumoridae) which contains abom 
a doten different fishes, ranging up to six feet and one hunor 
pounds in size. 

The cscolars were "scholars” to the Spaniards, who named 
that because the species they pulled from the water had circles aroiin 
their eyes, reminding die fhhennen of glasses. These large, voracious 
fishes (family Gempylidae) dwell in open temperate and trOpi“ 
seas, somciuncs being found at considerable depths. Best known is t 
Barracouia, or Snock, TliyniUi alun, whkh is one of the two inosi u’’ 
portant coinmcidal fishes of Ausualia. and is also widely used or 
food in Soudi Africa. It lives only in die cooler ocean waters of 
Southern Hemisphere, and readies a length of dirce and one-half fr^ 
ISS4 
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Like the great barracuda, with wliidi it should not be confused, it can 
inflict terrible wounds with its fangs and numerous smaller teeth. It 
has never been known to atuck bathers in t^-aier, however. 

Another interesting group'in this order includes such curiosities as 
cutlass hsltcs and scabbard Bshes. These sharp-tootlred creatures have 
elongated bodies that reach a length of at least five feet, and bear a 
striking resemblance to die objecu for which they are named. Some 
species have no tail Bn at all, and the end of the Bsli tapers to a point 
so Bne that it looks like a hair. It is not surprising, Uiat the scientific 
name given them should mean just that — "hair-tails" (family Trichi- 
uridae). In India diey are fislied on a commcrdal scale. 

We Bnd a number of other famous Bshes in tliis imposing order: 
the broadbill swordfish, the spearBsh, and die various marlins and 
sailfishes. About some of these we shall have mud) to say later in this 
chapter. The order— Scombroidei ("mackerel-like") — has perhaps a 
dozen families, all told. Although related to die splny-rayed Bshes. 
they do not always have spines in dicir fins. The ventral fins, if pres- 
ent, are usually found well forward. A series of small fins, called finlets, 
frequently runs from die dorsal and from the anal to the tail fin. The 
attachment of the tail fin to the body is usually slender, widi a hori- 
zontal keel on either side. If the fish lias any scales at all, they are small 
and ive cannot easily see or feel diem. Tlie structure of the pointed 
mouth, whidi cannot be extended, helps us to identify members of 
the order. 

The Atlantic Alackerel. Scomber scombrus, provides Americans with 
about thirty-five million pounds of fish each year, althougii the amount 
caught varies widely, some years being "good mackerel years," others 
bad ones. The reason for these fluctuations is unknown, but it is sus- 
pected diat excessive mortality of very young mackerel may be re- 
sponsible. Unfavorable winds that blow the more or less helpless, 
floating baby fish into unsuitable waters, or a lack of the proper mi- 
croscopic or near-microscopic plants and animals to feed them are tivo 
factors that may cause mass mortality. 

In die ivestern Atlantic, spawning of the mackerel takes place about 
twenty miles offshore from April into June. The numerous eggs float 
near die surface and hatdi fn about a iveek, but ilie young fish are not 
capable of swimming effectively for almost a month, being pretty 
mudi at llie mercy of die elcmwits during this period. 
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Even wlien lying limply on ice in a 6sh store, the mackerel appears 
graceful, but its streamlined form cannot be really appreciated sasc 
in aaion — when the fish courses through the water, potvered by rhyth- 
mical suokes of its muscular tail, the dark netsvork on the blue-green 
of its back adding to the illusion of some sort of aquatic rocket or 
bullet. 



riSH THAT SWIM FOt THEII tIVES 

Mart OKMb mof p«»M a»i r«d wmKm. but boI tU vd.b AHenlk •oeU™*-* * 

nept it ,a far 4 •aq.brt a UMKavDai fla* oF haJi -o’*' »» 

h> bhxxl MppCitd wah arr9*«. t, <(«r traral i. uiocU tbof 

FSaaaoBdi, bat «a dafk aigktt tbau — i-r-fi braak ap. 

From the time they arc about two inches long and forty dal's old 
and base assumed the shape of the adult, Atlantic mackerel swim con- 
tinuously until they die. In fact, if a mackerel stops sisimming, it n'lH 
die, being smothered because not enough tvaier passes oser its giU*- 
If possible, mackerel remain in the company of thousands of their fd* 
losvs. more or lest of the ume size and all moving at the same speed 
and in the same direction. These great oceanic sdiools break up 
night unless Uicrc is a moon, and do not re-form until dawn. Expert* 
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tncnis have shown that fish will not scliool unless they can see one an- 
other. niinded mackerel fn the dark pay no aiicntton to their fellow 
Gsh, but two mackerel placed in separate tanks, close together, will 
school tvith each other, swimming side by side, back and fortli along 
tlie glass sides of the tanks. 

While moving about, Atlantic mackerel feed voraciously on practi- 
cally all kinds of floating animals, including shrimp, worms, squid, fish 
eggs and fry, small adult fishes, and even small mackerel. During cer- 
tain parts of tlie year tlicy live on bivalves and other bottom-inhabiting 
creatures. The ordinary Atlantic mackerel is about one foot long and 
weighs about one pound. Specimens more than twice as long, weighing 
seven and one-half pounds, are on record, however. 

In the western Atlantic, this species ranges from Labrador to North 
Carolina. During die spring, summer, and fall, the fish remain near 
die surface, but In winter they move further oUshore and sink down, 
possibly as deep as one hundred fathoms. 

The Pacific Mackerel, Pneumatophorus diego, is caught in larger 
nitmben ilian tlie Atlantic mackerel, but it, too, is subject to wide 
fluctuations. Almost all of die Pacific mackerel caught are canned, 
radter than sold fresh or frozen as is the Atlantic species. It averages 
somewhat larger dian the Atlantic species, but does not attain quite 
$0 large a maximum size. Aldiougli the Pacific mackerel looks quite 
like its Atlantic relative, it can be clearly separated from it by the pos- 
session of an air bladder and several odier structural details. Both 
species have dicir bodies covered with very fine scales. 

Spawning occurs from late April through July along the California 
coast. Floating on die open sea, the eggs hatch in about three days. 
The Pacific mackerel is a schooling species and feeds on various float- 
ing crustaceans, on squid, and on small fishes. 

The Bluefin Tuna, Thutmus thynmts, has a sleek, spindle shaped 
body that is beautifully fashioned for slipping dirough water with a 
minimum of effort. No protuberance or lack of symmetry mars its 
streamlined contours. The jaws fit neady together, and the gill covers 
lie close against the sides. The eyes are set flush with the surface of tlie 
head. Even the paired fins and the first dorsal fit into grooves, lest 
they present unnecessary water resistance. The scales are very small 
and buried within smooth skin that is as slippery as slime can make it. 

Everything about die tuna indicates aquatic speed and a life of 
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coniinuous swimming, and ilie fish certainly lives up to its appearance. 
Tuna have been clocked at speeds of more than forty miles per hour 
and they can apparently maintain rates of about nine miles per hour 
indefinitely. No one has ever seen a tuna tliat was not swimming, un- 
less it was dead or dying. Using die above figures, it can be estimated 
that a fifieen-year-old tuna must have traveled on the order of a mil- 
lion miles during its life. Tlie tuna is one of the very few fish that 
maintain a body temperature somewhat higher than that of the sur- 
rounding water, and tvithout doubt this is closely associated with its 
ointinuous activity. 

Traveling about in scliools through most of the temperate and 
tropical seas, tuna have been likened to packs of wolves — so relent- 
lessly do they pursue liicir prey and so ravenously do they feed upon 
it. Squid and fishes make up the bulk of their food. 

Turta were a favorite food of the ancient Greeks and Romans. To" 
day ihej’ are fished both commercially and for sport in many parts of 
the world. In commercial fisheries they are netted, harpooned, trolled, 
or pole-fished witls ciso or three poles to a single hook when die &di 
run large. Tuna fishing is now the most profitable of all of Callfor* 
nia's fisheries. Practically all of the catch is canned, and three other 
species besides the bluefin are sold under the name ''tuna”? the Al- 
bacore, Thunmu genno, the Yellowfin Tuna, AVoi/iunnus macrop- 
lerus, and the Skipjack, Kalsuwontis pelamii. Well over two hundred 
million pounds are taken each year, of which two-thirds are composed 
of yellowfin tuna. 

The largest bluefin tuna ever landed with fishing tackle was taken 
off Nova Scotia. It was nine feet, eight inches long and weighed g77 
pounds. Specimens weighing i,8oo pounds have been reported, but 
such records have not been verified. 

There b still a great deal that is unknown about the life history 
of the tunas. The bluefin is known to spawn in the western Nfediter- 
ranean and just outside Gibraltar. There is evidence that the yellowfin 
reproduces during the summer o8 the west coast of Central America 
and near the Philippine. Caroline, and Marshall Islands and that the 
skipjack spawns around the Philippines. ^Viihout doubt other areas 
will come to light w iih further study. The eggs of the bluefin tuna are 
small and float for about two days, when they hatch. Growth is rapid, 
maturity being attained in three years, at a weight of about thirty 
pounds. 
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The Broadbill Swordfish, Xiphias gladius, roams Uic tropical and 
temperate seas of the world, hunting Ute fish and squid upon which it 
feeds. It has no tccili, but uses its sword — a tremendous extension of 
its upper jaw, composed of a flat, narrow, bony prolongation of the 
skull — to secure its prey. 

The sword makes up about one-tliird of Uic giant fish's total Icngtii. 
It is used like ilie broads\eoid u resembles, being slashed to the right 
and left, ilirougli a school of herring and mackerel, killing or maim- 
ing numbers of fish tliat the swordfish can then consume with ease, 
hfore rarely the swordfish has been reported to impale prey on its 
sharp-pointed weapon. Undoubtedly fish are also sometimes caught 
witliout the aid of tlie sword, tlte swordfish depending upon its speed 
and sire alone in tliese instances. 



The sword is also used in fighting, flroken-off pieces {ia>c been 
found imbedded in sharks and in swordfish Uicmsclvcs. A considerable 
number of boats have been rammed by swordfish, the sword pene- 
trating well over a foot into die hardwood of die vessel's side or bot- 
tom. Many harpooned or hooked swordfish have charged into small 
fishing craft and have driven Utcir s\>orcIs clean ihrougli and wounded 
Xbr ibbrJOTejo JjJsiwJe, Jjj aJ JbaM tmr jnstanre a man was killed sihcn 
he was pierced by a swoidfish's sword diat cainc up through the bot- 
tom of the dory in whidi be was lying. 

Such inddenu have given the swordfish the reputation of pungnac- 
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uy, but ilic truth of the matter seems t!iat ilie $o<alIed attacks arc 
more often tlie distracted rushes of a lormcnicd fisli rather titan the 
deliberate charges of a vicious one. 

Swordfish steaks are a delicacy: about four and one-half million 
pounds are fished or imported by Americans each year. Since ancient 
times, fishermen have captured su-ordfish — ivitli harpoons, because of 
their large size. They are said to reach well oser one thousand pounds, 
and four-hundred-pound specimens are not rare. Sports fishermen 
catch them "the hard way" on hook-and-line; the largest that was eser 
landed in this fashion weighed 8Co pounds and was tliirieen feet, 
nine indies long. 

The eggs of the swordfish are tiny, floating spheres about one six- 
teenth of an inch in diameter. The only definitely known spawning 
area is off noriliem Sicily, but there are undoubtedly several more 
undiscovered. Evidence tliat reproduction may also take place in die 
Black Sea and off Uie northern coast of Cuba lias been accumulating. 
Baby swordfish are spiny-headed creatures, quite unlike their stream- 
lined parents. Both upper and lower jaws are Jong and provided widi 
teeth. The teeth disappear relatively early in development, and the 
lower jaw gradually becomes shorter and shorter until it is less than 
one-third as long as the upper one which includes the long sword. 
Young swordfish are scaled, but by the time they are are about four 
and a half feet long all scales have been lost. 

The broadbill swordfish is the sole member of the family Xiphiidae. 
a name derived from the Creek word for "sword-” 

The Atlantic Sallfish, Isliophorus americanus, looks like nothing w 
much as a torpedo when it flashes through the water, all its fins held 
dose to its body, its enormous dorsal fin— from which it gets its name 
—being folded dow*n into a deep groove along the back. Its dark blue 
back and light-colored beUy add to this illusion, and its sharp, cylm- 
dricil spear could well be taken as some strange sort of detonator for 
the sleek war head attached to it. The fish seems the very peak of 
streamlined form. 

Like their rdatives the marlins, the sailfishes are popular with big- 
game fishermen. There are several spedes. but apparently only one is 
found in the Atlantic. The Pacific Sailfish, Isliophorus greyi, b 
times taken along the extreme southern coast of California. The At- 
lantic form is reported to reach tzo pounds, the Pacific species, at 
least 190. Their average weights ate about thirty-five and one bun- 
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tired pounds, respectively. Titcy arc said to attain ilic phenomenal 
speed of sixty miles per liour under water, but Uiis is for short dis- 
tances only. The record Atlantic sailfish caught with rod-and-rcel 
weighed 123 pounds and was ten feet, four indies long. 

Available evidence indicates tliat the Atlantic saililsh spawns during 
the summer. The very young fish have spiny heads and toothed jaivs. 
During devdopment botli upper and lower jaws first become don- 
ated, but only the upper one remains so, forming the spear. All spines 
and tectli are lost as the fish grows latger. The enlarged dorsal fin 
appears early in development, eventually becoming the enormous sail- 
like structure that is found in tlie adult. 

The Blue Marlin, Makaira ntgrtcens ampla, resembles the swordfish, 
but can readily be distinguished by its rounded spear, by its dorsal 
fin which extends much further along the back and whicli can be 
depressed, fitting into a groove in the skin, and by tlie presence of 
pelvic fins and peculiar thom-Uke scales — botli of whidi are absent 
in the swordfish. The shining, dark-blue back and silvery belly of the 
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blue marlin maVc ii one of ihc most beautiful of all of the 
iishes. Its powerful, jet streamlined, body is a delight to the artist as 
well as to llic sporuman. 

The blue marlin ocoin in the Atlantic Ocean and is found from 
Florida and the West Indies to Montauk Point, on die tip of Long 
Island, New York. There is another Atlantic species, the \\Tiitc Mar- 
lin, Makaira albida, that is much smaller, Its maximum size being 
about half that of the average size of die blue marlin. Tlie blue marlin 
averages about two hundred pounds. One twelse-hundrcd-pound giant 
has been recorded as caught in a net by Cuban fishermen. Tlie record 
rod-and-rcel catch weiglicd 71* pounds and was twelve feet, ten and 
one-half inches long. In die Pacific, dicrc arc probably three species 
of marlin, the Striped Nfarlin, Makaira milsukuri, being the one s^ 
off soudiem California. The Black Marlin, nigricam tnerlin^i 

found from Peru to New Zealand, may reach a length of fifteen feet 
and a weight of 1.22G pounds. It is die largest member of the growi^ 
All of the marlins are much-sought-after game fishes. The dirill of 
luving one of these fighting, swift-running, plunging, tail-dananj 
fish on the end of a line is perhaps the greatest in all sporu fishmS- 
We know very little about die life history of any of the marlins. 
Tlicy all feed on fish and squid. Sometimes they occur in numb^ 
but more often they are soliury. Tliey are at times found in pairs, 
presumably for breeding. About all that u known regarding 
spawning of the blue marlin is that most probably there are breeding 
grounds off Cuba and that reproduction exxurs during the summm 
and early fall. The marlin family (Isliophoridae or ‘'sail-beareo I 
contains about ten different fishes, among them the spearfish and the 
sailfishes. All dwell in tropical and warm-temperate seas. 


The Buuer Fish, Poronotus Iriacanlhus, lays its buoyant eggs during 
late June and July and August. Young specimem are often fo^“ 
under Urge jellyfish, where they apparently remain for protecuoo- 
Tfaey also feed on small, swimming crustaceans close to shore—*® 
close that they are sometimes thrown up on the beach by an udcS' 
pectedwave. 

Larger butter fish feed on small fishes, squid, and other creaii^ 
They are a uim. silvery-blue fish, with a flat, deep, yet sueamUnW 
body and a strongly forked taU. They have no ventral fins, and 
fact immediately distinguishes the species from the pompanos, which. 
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at first glance, they resemble. Butter fish reach a lengtli of a foot and 
a weight of one and a quarter pounds. They are found along the At- 
lantic coast of North America from Nova Scotia to Florida. For years 
this delicious table fish was discarded, or used for fenilizer or cat 
food. Now about twelve and one-quarter million pounds are caught 
annually for man's consumption 

Butter fish belong to the family Stromateidae, which is sometimes 
placed in the order Scombroidei, sometimes put by itself. Its mem- 
bers possess sacs, lined with teeth, on eidier side of the gullet, and 
have peculiar ventral fins whicli, when present, have a membrane con- 
necting die inner margin with the abdomen. Tlie California Pom- 
pano, Patometa simiUima, is not a true pompano, but is just as 
highly prized for food. It is similar in appearance to the butter fish, 
to whose family it belongs, but is slightly smaller, attaining a length 
of ten to eleven incfies. It ranges along tlie coast from soutfiem Cali- 
fornia to Britsh Columbia. 

Also included in the group is the Man-of-War Fish, Nomeiu gronovi. 
This small species is found in tropical seas, often among the stinging 
tentacles of various jellyfislies, including the notorious Portuguese 
man-of-tvar. In times of danger, it dodges among these death-dealing 
filaments with apparent immunity, although merely to touch diem 
spells death to other small fishes. 


Gobies— Bottom-Dwellers 


Even though the gobies arc found over most of the world, 
you cannot blame yourself if you have overlooked diem till now. They 
are small creatures and timid ones, and they love to hide on die bot- 
tom. That bottom may fie of altaase any kind — at a swili-thwing 
stream or a swamp, a mud flat or a tide pool, or near a sandy beach 
or a coral reef. 

Sonic of die great legion of gobies (we know about seven hundred 
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different species, order Gobioidei, or "goby-like”) can make them- 
selves at home in both salt and fresh water. Some, when tlie pond or 
stream dries up, can sleep away the summer in mud. Several make a 
truly peculiar choice of living quarters, taking up residence in the 
cavaties of living sponges. There are blind gobies, too — but they 


hardly need to sec, for they live in places of perpetual darkness: un- 
derground rivers in ^fadagascarand West Australia, rocky crevices and 
shrimp burrows on the California coast, and muddy waters in the 


Indo-PaciBc. 


Still, all of those interesting creatures might seem commonplace 
compared to one goby of the West Indies. This little fellow has the 
curious habit of entering tlie mouths of large groupers, grunts, parrot 
Bshes, and others. WTiai does it do there? It picks at their teeth 
and gums, much the way the Egyptian plover picks the teeth 


crocodiles. Like other gobies, it is very fond of Besh. 

Far and away the largest family of gobies— it outnumbers the others 
in species and individuals — is the Cobiidae. We know more about 
the way these gobies reproduce than we do for the rest. Their eg? 
come in a great variety of shapes: from spherical, through pear-shap« 
and teardrop-shaped, to those that roughly resemble a marlinspike 
belaying pin in outline. Fastened to some underwater object, t 
eggs axe frequently guarded by the male. In some species, the larva** 
after being hatched in fresh water, float downstream to the sea, ^ 
return to fresh water while sti'J quite young. The California b m 
goby and the pigmy gobies — more about them in a moment — are mem 


bers of iliis family. 

Most gobies never reach sU inches in length. But a few grow to ^ 
twenty indies long, and two feet is probably the top size for any 
the order. The largest of the gobies are the sleepers (family El 
tridae). Many of these live In fresh water; some, we believe, ira'* 


downstream to spawn in the sea. 

Along the tropical shores of Africa, Asia, and Australia, we cotoe 
upon the mudskippers and their relatives (family Periophihalmi * • 
creatures strange ^ih in appearance and habits. As the tide rec 
and lays great mud flats bare, the mudskippers can often be 
right out in the open, hopping about on their powerful pectoral f 
which they use like limbs, their protruding eyes turning from side l 
side to seek their prey. 

We have seen that most of the gobies are bottom-dwellers. ^'heD 
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« e examine tJjem closely tve can readily oljserve lioiv sscll siiiccd tlicy 
arc for siicli an existence. Except lor Uie family of sleepers, they often 
have a sucking disk by means of which they can fasten tlieniselves to 
rocks or oilier objects on tlic bottom. This disk is formed by the pel- 
vic fins — tliey are united at Uie base. A goby lias its pelvic fins un- 
der or just in front of the pectorals, and there arc spines in iu fins, 
but iliey are weak as a general rule. There arc about six families, all 
told. The gobies are commonest in the tropics and inhabit at least 
some fresh waters on every continent and all but the coldest of shal- 
losv ocean waters. 

Tlie California Blind Goby, Typhlogobius califomiensis, spends most 
of its life inside the burrow of a certain species of shrimp. From die 
age of six months or less until deatli — period of perhaps ten years — 
it lives with a pair of these shrimp. 

The blind goby shares not only ilreir home but Uieir fate as well. 
The dwelling consists of several small, connecting tunnels, with three 
or four very small openings. Tire tunnels arc dug in die gravel be- 
tween high* and low-water along die shores of soudiem California. 
The fish is completely dependent upon the shrimp for its shelter, 
since it is unable to dig or repair a burrow for iuelf. If both shrimp 
die the fish soon perishes also. 

The host of the blind goby belongs to the group of ghost shrimps. 
It is a whitish-yellow creature, less than three indies long, shaped not 
unlike an ordinary crayfish. It feeds on tiny panicles of organic mat- 
ter that it sifts out of the water it constantly pumps tlirough its bur- 
row. This current also provides the blind goby with food, for the 
fish consumes any pieces of seaweed or animals that might be carried 
into the burrow and are too large for the shrimp. Altliough the goby 
thus helps keep the burrow clean, it has been shotvn dial in captivity 
at least, a pair of shrimp can do very well without such guests. 

The blind goby, too, usually lives in pairs, one pair to each bur- 
row. The fish is small and pink; its color results from the blood that 
shows through the colorless, translucent skin. The eyes are hardly 
visible, being degenerate and covered ivith several layers of skin, but 
although the fish cannot sec, it is somewhat sensitive to strong light. 
Tlie senses of touch and smell seem fairly well developed. The pelvic 
fins are arranged to form a sucking pad bv which the blind goby can 
cling to smooth object. 
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The old sa)ing about two being company and three a crowd, defi- 
nitely holds for blind gobies. Should a second male put in an appear- 
ance, the original one will immediately engage It in fierce combat. 
The fight may last for hours, the fish biting eacli other and holding 
on witli bulldog-like tenacity. The battle usually continues until one 
of the adversaries is killed or, less frequently, is driven from the 
burrow. If an extra female enters, it is the two females that battle 
to the death. If the interloper should xvin, he or she is accepted by the 
mate of the defeated fish without hesitation. Sex recognition has been 
shown to occur Uirough dtemical means. 

The blind goby breeds from May until July- The ellipsoidal eggs 
are about one thirty-second of an inch long when first laid, but they 
subsequently grow to almost four times their length. From twenty 
five hundred to fifteen thousand of them are deposited on the sides o 
the burrow. Both male and female fan the eggs and watch oxer themr 
either taking turns or xvorking together. After ten to twelve days c 
eggs hatch. The young blind gobies are colored, and have v»-ell d^ 
veloped eyes. They are attracted to light, and this may be the reason 
that they soon leave the shrimps’ burrow. By the time they are 
months old, they have lost their dark «>Iorauon and their eyes have 
become distorted and partially overgrown with flesh. 

The Dwarf Pigmy Goby, Pandaka pygmaea, is the smallest of fre^ 
water fishes and Uie shortest backboned animal knovsTi. Adult femal 
attain a length of seven-sixteenths of an inch and adult males nev& 
quite reach three-eighths of an inch. These tiny fish inhabit cert^ 
lakes on the island of Luzon in the Philippines. With the exception 
of their prominent black eyes, they are colorless and practically traW- 
parent. 

The minute ^gs of the dwarf pigmy goby are about oncsixty-fo 
of an inch in diameter, that is, smaller than the period at the en 
this sentence. They arc quite large in relation to the size of ‘ 
fish, however, and each female contains only twenty to forty of them. 
They are lied together by means of numerous intertwined filaments- 
when laid, they float and become entangled with algae and other 
small objects at the water’s surface. 

Another goby from the same island, the Sinarapan, 
luzonemis, is almost as small as Pandaka, exceeding it on the average 
by about one-eighth inch. Perhaps the most remarkable thing about 
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this full u thai it cxim in sucli nuinbcrf in Lake BuhJ liut dopiie 
iu diminutive luc. it it uted for food. Vatt imnibert are scooped 
or dipped up irom the %uicr ta be sold in the nuikct and etcntiully 
stewed with tcgctablcs or made into fith cakes and fried in oil. It 
takes aI>oul sixteen thousand tinarapan to make up one pound. Like 
the dwarf pigmy goby, this 6sh icprodticcs by means of minute eggs. 

Small os these gobies are. there are tuo fishes still smaller — if one 
uses weight instead of length as a standard. Ikitli ate tiny, slender, 
transparent fish from the Pacific Ocean. They have no common name, 
but belong to the genus SchindUtia. 'flie smaller, SchiudUria prae- 
maUiTus, teaches a iiuximiim length of slightly more tlun three- 
fourths of an inch, but most niaiurc males do not exceed five- 
eightlu of an inch and females with eggs eleven-sixteenths of an inch. 
Definitely lighter than the Philippine pigmy goby, iliis species weighs 
perhaps one ttventy-five-bundredth of an ounce, and is tlie lightest of 
all backboned animals. 

Schindlena lives near or at the surface of the sea. amidst many 
larval fishes, wlticli it resembles in general apjsearance. Regardless of 
immature characteristics, many individuals are fully adult, as evi- 
denced by the presence of mature sex glands. Specimens arc generally 
found tiut far from land, so ue believe that the lisb is nor an inhabi- 
tant of inid-<Kcaii hut lives in the waters surrounding the islands of 
the southwest Pacific and eastern Aiistralia- 

Tlie relationship of the genus .VAiNd/cWa to other fishes is slill a 
mystery: some scientists have ihouglii it related to the halfbeaks, oth- 
ers have placed it among (he hiciinicv. but neither arrangement seems 
satisfactory'. Until more specimens of titese rare fishes, in various 
stages of development, c.'in be obtained, their exact place in the ani- 
mal kingdom will remain a matter for conjecture. 

Tlic ,'tfudskippcr, Veriophthabnui koelretUeri, combines the attri- 
butes of both fish and frog. Ahhougb it is a true fish, it behaves in a 
most froglike manner, regularly coining out of the water and bopping 
about on mud flats and mangrove swamps. 

Evai ibe mudskipper's bulbous head is rather froglike: it has puffed 
out “jowls,” a ficmisphcricaf snout, and eyes set in sockets that project 
clearly above the top of the head. The eyes are quite mobile, and be- 
sides turning about, they c.in "wink” in a most grotcsijiie maimer. 

The mudskipper's pectoral fins are mounted on movable, fleshy 
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bases, and die fish "rows" itself along by means of diem, dragging lu 
elongated body behind. The pelvic fins also aid in this process, since 
they are Icxsied almost under die head and are united at the base an 
thus can aa as a small pedesul to teep the head end of the fish off 
die ground. Mudskippers can leap as far as a jard, springing off the 
ground, mostly by means of die muscular tail, but also by using their 
pectoral fins. They sometimes leap from one mangrose root to ^ 
odier, and are said to be so amle tliat they can catch insects on the 


ISH OK ftocr 

T» tS* caMPot tW ^ililirpcn t**!* to b* bolf.rre9, liolf.&L Wbtf ^ 
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Mudskippers can remain out of water for a long time, but 
jieriodically return to mobien their two bulging gill<faaiQi>^ J 
carrying a litde of its name element with iL the mudskipper aso* 
being lied doi^Ti to an aquatic life, although it neser sira>s 'crv 
from skater. It is widely distributnl in shallow salt and brackish 
ters in tlic tropics, from the west coast of Africa, the Red Sea, the 
Indian Ocean and the western Pacific as far east as Polvnesia. Esp^^ 
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have not yet decided l\ow many different species oi mudskippers oc- 
cupy tills vast area, or wliciher they all belong to a single species. 

Mudskippers feed on insects and small crabs and readi a luaxi- 
mum length of nine inches. They apparently have a well-developed 
sense of proprietorship and often chase one another. At such times 
Uiey flash their dorsal fins up and down, apparently using them as a 
signal device, or for blufling. They also make burrows in the mud, in 
which tlie eggs are supposed to be laid and carefully guarded. 


Fishes ^vi^h Armored Cheeks 


In the strange underwater menagerie of this group you 
will And a zebra fish— a sea robin and a sea raven— scorpion fishes — 
rockfishes and stonefishes — and even a miller’s ihumbi So beautiful 
or fantastic are some of these creatures that every other domain of 
nature had to be ransacked to find names for them. 

But so deadly, too, are a number of these fishes that they must be 
approached or handled witli the greatest of care, even by experts. 
Some bear sharp spines equipped vvitb poison glands and rank among 
the most poisonous fishes we know. They are capable of inflicting 
wounds causing intense suffering and even death. 

These fishes, by and large, liave one strong, distinguishing feature — 
their cheeks are armored. A bony plate or rod runs from under the eye 
back into the gill cover. Some Jack this plate, but the typical fish 
of die group has a bony ridge that is quite apparent, and it is spiny 
and rough on the outside. Sometimes we find the head completely 
covered with spiny bones. These natural warriors of die seas have 
pointed teeth that add to their savage appearance, and often they are 
eaters of flesh. 

If we were to look for living masterpieces of camouflage, we would 
find an abundance of them among the scorpion fishes and their rel- 
atives (family Scorpacnidae). Tliese rugged fishes carry numerous 
spines and tabs of flesh that allow diem to blend in with the weeds 





1604 


risilts wmi ARMORED CHEEKS 


among nl.icli ihcy swim. Their color, loo, males it hard to tell litem 
apart [rom underwater rocks. Some, lionctcr, vie m hue n nil the niost 
gorgeous of fislics. Pcihaps their bright colors serve as a uarning. 
because their spines are (reiiuently dangerous, tlie slightest prict pru. 


ducing agonizing pain. , 

The scorpion fishes are at hoinc in all the oceans, and like shallow 
water as well as deep; only a tew prefer streams and rivers. Ocner. 
ally diey do not grow over a foot in leogtli. but there arc ‘ 
foot gianu. We know about 250 species, among diem die rocklis 1 
and the rosefish— we shall return to them a bit later— being iraport^i 
as foodfishes. Some reproduce by means of floating eggs, oUicrs rm^ 


forth their young alive. . 

Also equipped widi extremely poisonous spincs-^cadly, m 
instances — are the siingfishes, or stoncfishes (family S)-naDCCi ;• 
These fishes look like the scorpions, and rarely exceed a length 0 0 
foot. They are especially adept at concealing diemsclves on die * 
tom of the tropical tide pools that they frequent. ^Ve suppose that 7 
lay eggs, but we know Hide about their life history. 

The sea robins and the gurnards (die latter name comes . 

old word meaning •'grunt," and diat b just \shal these fishes often 0/ 
grow over two feet long and are used for food in Europe and “ ^ 
Africa. The common American sea robins, on the other hand, ar 
rarely eaten. Fishes of this family (TrigJidae) hatch from ^ 
eggs— eggs diat float on the open sea — but spend most of dicir ^ 
shalloiv water, on the bottom of tropical and temperate seas, 
give the appearance of walking across the ocean Door on die seve 


■■fingers” that make up the pectoral fin. . , 

Anglers of the v*esi coast of the United States — especially m t 
area of Puget Sound — need no introduction to the greenlings ( 
Hexagrammidae). Both the greenlings and the skilfishes (family 
plopomidae) divell in the North Pacific. Their flesh is palatable, u 
only the Sable Fish, Anoptopoma fimbria, a dark gray or green cre^ 
lure, is commercially fished to any extent. It reaches three 
length and forty ^unds in weight. Still, it seems puny beside 
Giant Skilfisb, Erilepij zonifer — specimens of this fish six feet 0 o 
and weighing more dian two hundred pounds liave been caught- ^ 
It is mainly in the waters of the Indo-Pacific that we encounter^^ 
group of fishes with a humble name but great value in the lard^ ° 
mankind. These are the flatbeads (family Platycephalidae). 
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year tJie fish markets of Australia sell millions of pounds of flatheads. 
As both scientific and popular names suggest, these creatures luvc 
broad, fiattened heads. The bottom of die ocean is wliere they live, 
and Uiey inhabit shallow as well as deeper waters. Afost flatheads are 
under three feet long, and there are about fifty species. 

The short, sharp spines of llie scutpins probably serve to hold off 
their enemies. These fishes fax'or cool or cold temperatures, and the 
tliree hundred species we know of inhabit salt and fresh water, .shal- 
low and deep. Often Uie angler pulls them from the streams and riv- 
ers of Europe, North America and iVsia and is disappointed at the 
small she of Jn‘s catcii. Freshivatcr sculpins — they are better knonri as 
buUhe.'ids, mudlers, or miller’s thumbs — seldom reach six indies in 
length. Their cousins in the waters of the North Atlantic and Pacific 
and the Arctic oceans, however, may grow over two feet long. A num- 
ber of species have broken with one of the commonest of fish habits 
—they fertilire die eggs before they aie laid. Often the male stays 
quite close to them and drives off any fish Uiat dares to come near, 
^lie sculpins make up die family Cottidae.) 

We see die same protective habit among those plump, ungainly 
creatures known as die lumpfishes or lumpsuckers {family Cyclopter- 
idac). They are strictly ocean fishes, and they patrol much the same 
chill waters the sculpins do. As you might suspect from their name, 
the lumpsuckers possess a sucking disk that they use to fasten them- 
selves to rocks. Some lumpsucken reach a IcngUi of about two feet. 

Earlier, we talked of the armor that covers die heads of fishes of 
this order, cither partly or completely. (Tlie order name, Cat- 
aphracti, means "wholly enclosed.’’) What odicr major features do 
they have in common? In a group tliai indudes about twenty fam- 
ilies we may expect great variety. Still, we do find that the fins, dorsal 
and anal especially, are usually well equipped with spines, although 
these are lacking in some species or arc so modified towards the or- 
dinary soft fin ray that we can scarcely recognire Uiem as spines. The 
ventral fins are present in most species, and are located forward, 
close to die pectorals. 

Tlie lUiscfisli, Seboites rtinrinus, was once a neglected marine food 
resource. Until 1935 it was marketed only in limited quantities, but 
then new methods of filleting, scaling and quirk-frcc/iug made it 
more salable. By igiG, about 178 million pounds were caught in a 
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single year for food. Since that lime, houcser. the catch has fallen off 

somewhat. The fish is frequently sold as “ocean perch.” 

The rosefish is a bright red. varying to brownish or grayish red. u 
is more or less perdilike in general shape, but can be quid y i 4 - 
tinguished from tlie perches by its pointed gill coien on which are 
located a number of spines. The single dorsal and anal fins are ^ 
strongly spined. A raa.ximum size of at least three feet is 
Those along the Atlantic coast of North America rarely excce ti» 
feet, however. At this length they weigh about thirteen pounds. 
are fished at depths of three hundred to seven hundred fifty feet, a - 
most entirely by otter trawl. i ,han 

Rosefish are cold water inhabitants, nc\cr being found .. 

ninety feet of water during the summer even as far north as the u 
of Maine. They are well known in the Arctic Ocean. Tliey occur 
far south as Neiv Jersey in tlie western north Atlantic and as far sou 
as tlie English Channel in the east. . 

Altliough Uie rosefish gises birth to living young, these . 

a relatively undeveloped state. They shoiv, in fact, very ht“* . 
vanceraent oier typical fislies that have just been hatched from w 
egg. Examination lias revealed that the young are not 
by their mother— as in the great majority of live-bearing 
simply rest within her, still inside their individual eggs. They hat 
out inside the mother very shortly before being expelled. About a a 
moihcT rosefish does for her brood is to protca it until hatching- 
Unlike the broods of other live-bearing fishes, the size of this one^ 
is enormous. At birth each baby b about one-fourth of an incli on^ 
and a good-sized female may carry several thousand at one . 
ihirtccn-inch specimen contained approximately 20,500 young r 
to be bom. For some time after birth young rosefish Goat in the 
pretty much at the mercy of their surroundings. . ^ 

Rosefish are bom from April through August, the time vary*”® 
witli the locality. Growth is extremely slow; it lakes ten 
reach a size of eight Indies. The rosefish feeds on various crusiac ^ 
niolliuks, and other Invertebrates, and on small fishes, including ynun* 
of its own species. 

Tlie Orange Rocklish, SehaslodcM pinniger, is one of over fifty 
of rotkfislies that inhabit the shallow and deeper waters along 
North /Vniciican 1 ‘acific coast from California to Alaska. Tliey arc i 
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portant foodfishcs, more ilian tliirteen million pounds having been 
taken in a single year in California. Tlie orange rockfish is at present 
the most important single species of rockltsh in tlic commercial catch 
of that state. The fish are taken witli trawls and hook-and-line. Lines 
as long as one mile, carrying tliree tliousand baited hooks, have been 
used. 

The orange coloration of the body and fins of this fish distinguishes 
it from almost all other rockfisbes. It has three bright orange stripes 
running across its spiny head, and the lining of its large mouth is pale 
red with dark mottling. It reaches a length of two and one-lialf feet. 

The range of the orange rockfish extends from northern Baja Cali- 
fornia to northern British Columbia. It produces living young, appar- 
ently in the spring. The young are less titan one-half inch long at birth 
and still carry a yolk sac. They must float helplessly in the water for 
quite a while after birth. Large females may carry as many as six hun- 
dred thousand young. The younger fish inliabit waters near shore; old 
individuals have been found in water one hundred fathoms deep. 

The Zebra Fish, Pieroii volitans. as it floats majestically tJirough tlie 
water, its queer fins gracefully waving and undulating, looks more 
like an apparition than a fish. U has its very large dorsal and pectoral 
fins separated, each fin-ray or spine being free of tlie others and hav- 
ing its otvn narrow strip of fin. This, together tviih its large, spotted 
pelvic, anal, and caudal fins. Uie bold black and white striping on its 
body, and the peculiar fleshly decorations around its eyes and mouth, 
makes the zebra fish at once one of the most bizarre and beautiful of 
all the sea's inhabitants. 

That this fish is a menace is quickly apparent to anyone touching 
its spines, however, for they are quite poisonous and can cause much 
pain. Its gluttonous appetite is also quite matter of fact. In nature the 
zebra fish preys upon other living fishes, but in captivity it can be 
taught to cat pieces of dead fish and clam. Care must be taken not to 
overfeed captive specimens, because zebra fish have been known ac- 
tually to gorge themselves so much Uiat tljey died of indigestion or 
somctJiing akin to it. 

Zebra fuh sometimes seem to exert a weird imraobibzing effect on 
tlic small fish upon whidi they prey. Instead of fleeing as a ordinarily 
would at the approach of a large fish, the prospective prey remains as 
if transfixed, quivering violently until with a sudden gulp the zebra 
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fish swallows it. This member of the family of scorpion fishes is 
widely distilbuicd in the Indian Ocean and Soiiihwcast Pacific. It 
reaches a iengtli of somewhat over one foot. 

The Stonefish, Synanceja x/cnucosa, and its close relames are un- 
doubtedly die most poisonous of all fishes. Along the stonefish's back 
is a series of thirteen large spines. Eacli of these has a pair of small 
sacs of venom attached to it, so arranged that any pressure exerted 
on the spine will cause tlie sacs to ejat their poisonous fluid along 
the shallow grooves on either side, and to enter any wound made by 
the sharp-pointed spine. The venom is a limpid, bluish, slighdy acrid 
fluid that causes excruciating pain, hfen who have received the full 
force of the stonefish's poison have rolled on the ground, become de- 
lirious, attacked people trying to help them and even tried to ampu- 
ute the aSccicd limb— so great was their agony. Death may result 
from severe shock, heart failure, or, Uicr, infeaious poisoning. The 
wounds heal very slowly: recovery is a matter of months. 




FISHES WITH ARMORED QIEERS 1609 


The stonehsh habitually lies on the bottom around tropical reels 
and inlets. It has a flattened, short triangular body with a large 
mouth rvhose gape is almost vertical. Its whole body is covered with 
warty growths, and in life it looks exactly like a piece of eroded coral. 
It feeth on a variety of creatures that it apparently engulfs with its 
cavernous maw as tliey unsuspectingly swim by its place of conceal- 
ment. 

Stoneflsh do not retreat even when approached by a large animal, 
apparently depending on their camouflage and poison for protection. 
*rhus it is very possible for them to be stepped on unsvitiingly. For- 
tunately they seem to be nowhere common, although they are found 
over a large part of tire Indian Ocean and Use waters around northern 
Australia, the East Indies, and the Pacific islands. They attain a length 
of about one foot. 

The Common Sea Robin, Prionotus carolinus, can be quickly rec- 
ognized by the bony plates covering its head, by its two dorsal fins, 
and by Us very large, winglike pectorals at tJie bouotn of wlikli are 
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looted three free, thickened rays. These are bent like arched fingers 
and seem to be rvalked on as the fisJi moves along the bottom. The 
chances are that any fish from the east coast of the United States, de- 
scribed by the uninitiated as having “feec" is one of the sea robins. 
These ia)S are undoubtedly used by the fish to explore the bottom. 
Common sea robins feed principally on small crustaceans that live on 
or near the bottom. Squid, bivalves, worms, and fishes are taken to a 
lesser extent. 

This fish spawns during Uie summer. The female lays slightly yel- 
lowish. buoyant eggs, about one-diiny-second of an inch in diameter. 
They hatch in about sixty hours at 72® Fahrenheit. The larvae are a 
little less than one-sixteenih of an inch long at hatching. The maxi- 
mum lengtli is about sixteen inches. 

Tlie common sea robin is found in shallow waters from the Bay of 
Fundy to South Carolina, but it is rare north of Cape Cod. Dariiig 
the cold months it disappears from New England and Neiv Jersey, 
while remaining in Chesapeake Bay and more souibem waters all 
year 'round. 

By means of special muscles that vibrate its swim-bladder, the com- 
mon sea robin makes noises, described as a rbytlimic squawk, squeal, 
or cackle, such as might be heard in a barnyard. These sounds are 
also said to be similar to those made by drawing one's forefinger an 
thumb towards each other over the dry surface of an inBaicd rubber 
balloon. 


The Sea Raven, Hemitriplerui amcricanus, looks extremely ragg^^ 
because of the numerous fieshy tags on its head and the jagged pro- 
file of its dorsal fin — which has the individual spines separated fro*® 
one another and tipped with tiny flaps as if the fish had just co®e 
ihrou^ some terrible ordeaL The entire skin is prickly. Colorauoo 
ranges from blood red through reddish purple to chocolate and yel- 
lowish brown. 

Sea ravens are bottom-inhabiting sculpins; they feed on \anous m- 
venebraies and on other fishes, which they catch with their Urge sharp- 
toothed mouth. During the winter sea ravens come closer to 
than in the warmer months, since they quite definitely prefer co 
water. They are found from Labrador, Newfoundland and the Grand 
Banks south to Chesapeake Bay. 

Adhesive eggs, with a diameter of about five thirty-seconds of a° 
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IT IS ABLE ONLY TO AFFROXIMATE mS ARTIFICIAL ONE, HOWEVER 




Photoa on ihii on4 /o^nf 

Gfford (Moiiknieyrr/ 



} y 1 

« * 

• ....K 

" 4- 

•/ Jiv 

v** 

•^i 


A 

,v 


- "i 

it 




WINGSI 

f*nK*d ea iKa Iiha^ of Kof fotmof mU, 

.k, *«d. 

< 

imIoU. oipoml, ood dry. Tlio omorgnco k«< tokoa 
obovi ono Poor, Al W, adolt ood lonV' >*** •’nndm 
oH m f«w loot ai>d »«IH to boor wm boIo ckvd« 
dnMMuog «pM kit obdeoKoa. Sko koootf b tiloat. 

■Ai 






nSllES wmi AK^{OR£D CHEEKS ICll 


inch and ranging in color fronj bright orange to pale yellow, are laid 
among the fingers of sponges from mid-October to laic December at 
Uie latitude of New York. Hatching probably does not take place 
until after several months. The larvae are not quite half an inch 
long ivhen iliey first emerge from the e^. At tlie age of one and 
one-half years, young sea ravens are about six inches long. A maximum 
lengtli of twenty-one and ihree-fourtlis inches and a weight of five 
pounds, five ounces, has been reported. 

The Miller's Thumb, CoUits bairdt, is a small, grotesque fish from 
the streams and lakes of eastern NortJi America. It prefers cool, clear 
water with a rocky or gravelly bottom. It often hides under stones, 
rarely swimming in midwaier. Its large head is bony and flattened, 
with the eyes located high on the sides. The body sharply tapers 
down towards the tail and is practically naked. The pectoral fins are 
large. A lengUt of seven inches may be attained, altliough most adult 
specimens range between tliree and five inches. 

During spring and early summer, masses of adhesive eggs are laid, 
usually attached to the underside of stones or, more rarely, on aqua* 
tic plants. The male prepares the nesting site and generally guards 
the eggs. Two or Uiree females may lay in a single nest. The salmon- 
colored eggs are large, being about one-eightli inch in diameter. Mil- 
ler's thumbs principally eat algae, small fislies, and crustaceans, and 
aquatic insects and their larvae. They consume the eggs of other fishes, 
when they can get tliem, but have been cleared of liie charge of de- 
stroying significant quantities of trout eggs. 

The Lumpfish, Cyclopterus lumpus, is just that— a lump of a fish. It 
is short from head to tail and deep From back to belly. The belly is 
stfide and flattened svhile the back is narrow and rigid, giving the fish 
a triangular cross section. Tlie back is also strongly ardied from head 
to tail, and the skin is covered with wariUke tubercles in place of 
scales. The ventral fins arc modified into a sucker, located just behind 
the throat. The fish may be gray, bcosvn, yellow-green, or slate-blue 
in color. During tlie spawning season the lower portions of the male’s 
body become bright red. 

As many as a hundred thirty-six thousand adhesive eggs are laid by 
a single female in large spongelike clumps during late winter and 
spring. These are faithfully guarded and cared for by the male, who 
blows svater through the egg mass, fans it with his pectoral fins and 
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driv 2 , awn, aU inmidco, indudins Dihc laager 

water lemperalure is tow. liaiching may t^e iwo 

„i which time the father Osh appear, quite 

pint when hist laid but change color as they develop. T1 cy 

onc-cighih of an inch in diameter. 

Newly hatched lumplish ihcoilves 

fully equipped with a tiny sucker uhich iliey use 
to seaweed and other drifting objecu. Vorth America 

Adult lumpfish inhabit cool waters off the cojt of Nor^ 
from Hudson Bay and Greenland south to ^ ennt oi 

ceptionally. Maryland. To the east diey ,„i and 

Europe souUi to tlie Bay of Biscay. AitJiough IcngU 
weigL of ti^eniy pounds may be reached, most specimens arc co 

siderably smaller. 


Flalfisbes— They Swim on Their Side 


No DOUBT you have met the halibut, the among 

sole so many times at Uic dinner table that you consioa 
the most commonplace of fishes. Yet people who see to a 

watch the strange way they grow — feel that they are 


place in the front rank of nature’s wonders! flatfishes, and 

’These ordinary-seeming creatures go by the name o ^ 
fiat they are. But that b not what b really curious a “ . ^ liic 

odd faa b that after having passed their babyhood swi 
other fishes, they make a temaiiablc change — they turn o 
and spend the rest of their lives swimming that way- 

Even more noteworthy than all Uib b ivlut happen* to 
ejes. Earlier in normal posUion. they make tlie chmgc. jjAe"; 

move to the top side of the head. Now we call me ^ jj 

the other, on which the fish lies, b the “blind side. ^ 
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jaws, gill-covcrs, paired fins, lateral line, and oilier organs alter as 
pan of this extraordinary sluit, so that they may best serve the flatfish 
in its new, one-sided way of life. (The flatfishes belong in tlie order 
Heierosomata, ivhich means “difl’erent bodies.") 

At the same time, the color changes in most of Uie flatfishes. Just 
one side — the side bearing die eyes — has pigment in it Tlie “blind 
side" becomes plain white. You may expect exceptions here as else* 
svhere, and we find some abnormal fishes with color on top and bot- 
tom, otliers svith no color at all. 

Wlicn the flatfishes swim Uicy keep their whole body in a plane, 
more or less parallel to the ocean floor. As a rule, they make their 
home on the bottom of die sea. most of them staying ratlier near 
shore. Sometimes a number may venture up rivets, and diere are 
members of the sole and tongucGsh families diat live entirely in fresh 
water. By and large the su hundred or so diflerent kinds of flatfishes 
lay eggs dxat float in mid-water or at the surface. The winter flounder, 
whose ways we shall soon examine more closely, is a notable exception. 

One sure way of recognizing the flatfishes, we have seen, is by the 
eyes, whicli are always on one side of the head. But which side? That 
depends on the species. The turbot. European brill, summer flounder, 
and sundial (family Bothidae)— found widely scattered dirough tem- 
perate and tropical seas, mainly — Itave eyes on their left side. The op- 
posite is true of die halibuts, winter flounder, plaice, lemon sole, 
yellow-tail, and starry flounder (family Pleuroncctidae). However, 
driving home again die great truth that nature is variable and that 
it is a rare generalization that fils all the facts, a few species regularly 
show individuals with eyes on the left. The fishes of this family are 
salt-water-dwellers, and we encounter diem practically all oi'er the 
world, from the Arctic almost to the Antarctic. 

Norili Americans are fond of fillet of sole, but many have learned 
by now that it comes from other fishes masquerading under tiiat title 
for the chefs convenience. The true soles (family Soleidac), includ- 
ing the hogdioker, do dwell in North American waten, but those of 
economic importance are found around Europe and South Africa. It 
is in warm-temperate and tropical seas that liicy are most numerous, 
and the same arc also the home of Uve longuefishs (family Cynoglos- 
sidae). But though die longuefisbes and the soles may meet, they 
cannot see eye to eye: the first have their vision on the left side, the 
second on the right. 
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The Pacific Halibut, Hi'p/ioctaiiu „ 

of being studied by an Intcrnaliotial Fisheries 

by Canada and die United Stales especially tor that pun"*'- ™ 

by tlic decline of the fishery, these countries m ' 9 ='l 

that created a body of seientilie ettperts » find out 

in ihe life history and fishing of the Pacific haUbuL i ^ 

this. Proper regulations trere needed to p ace tnouledge. 

basis tor die years to come, but first there had to be 

In 1930 the recommendations of this group of sc . - „ jgc 

cepted hy both govemmenu and a new treaty was si^ Jl£cy of its 
Commission power.to regulate die fishery. .Ulhough ^jj^acific 
rule has heen argued boUi pro and cou. the tael remains that 
liaUhut fishing lias improved in recent years. 

Approximately fifty million pounds ol Pacific hahb 
annually. The fish are caught by hooli.and.hne in waters g|bS^ 
ten to five hundred fathoms deep. The fish is matkcled 
ren and the liver and other viscera are treated to 
vilamin-rich oil. Aa an example of intemauonal pi-n,,, 

purpose of advancing the cause of conservation and Ih s ^ 

long.term utiluadon of a natural resource, the case o 
halibut is classic „,s,4 9naEeof 

Pacific halibut reach a weight of at least 470 pounds . j.^des 
ihirtyfi'* years or more. Like all the fiaifish, they he upon 
as they rest upon the boiiom. . ^ore 

The story of bow the Pacific halibut grows and deve p 
curious than any you can find in fiction. "Wlicn first hate 
egg, a baby Pacific halibut is not unlike many other larva .^ted 
an eye on either side of its head, and it soon grows nor^ 7 
fins. It stays this way from a size of about five-sixtecnuis o ^ 

(the size at hatching) until the baby b about nine-sixtee 
inch, but at this time peculiar changes start to take place. ^ 

Little by little, the baby's left eye becomes derated a iu 

one and shortly afterward the li^t eye begins ^ fro® 

side of tlie skulL The left eye now makes an amazing ^ pjg. 

the left to the right side of the liead of the fish. Meant* 
ment on the left side has not devdoped as much as that on ^ ^ 
The body broadens — from back to l^ily — and by the looks 

about one and a quarter inches long, the baby Pacific a * 
very much like a miniature adult, with both eyes on e 
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ol ils head and ivhh the leh or “blind side" practically devoid oi pig- 
ment. The right or "eyed side" is colored a dark brown or gray. Tlie 
fish thus lies on its left side on the bottom, and when it swims, it 
keeps its eyed side uppermost, its blind side facing the bottom. 

As a result of the investigations of the International Commission, 
tve know a great deal about the Pacific halibut. There are still, how- 
ever, many things about tiic fish we should know but do not. On the 
average, females mature tvhen twelve years old, but males do so when 
considerably younger. Spawning occurs from November to January. 
A female weighing 140 pounds may produce as many as 2,700.000 
eggs. Tliese eggs arc relatively large, being more than one-eightli of an 
inch in diameter. They float freely in deep water until hatching, after 
wliidi ilie larvae, too, continue to live in mid-\s'ater. When four or 
five months have passed, they rise toward the surface to be car- 
ried inshore by winds and currents. Here the young change into small 
halibut, and take up their life on the bottom. During this long period 
the eggs and young are at the mercy of the elements and their preda- 
tory enemies, consequently the death rate is very heavy. 

Unlike many flatfishes, halibut not only feed upon fishes, crabs, 
clams, and worms tlut live on die bottom, but actively pursue prey, 
such as squid and fast-moving fishes. 

The Pacific halibut ranges from the Bering and Okhotsk Seas south 
to California. The fishing regions or banks run along the coast of 
North America from the southwestern tip of Alaska to Washington. 

The Atlantic Halibut, Hippoglossus hippoglossus, can be distin- 
guished from the Pacific species by ils somewhat differently shaped 
body and by its scales and the way Uiey are set in the skin. Said to 
attain weights of seven hundred pounds, diis is die largest of all the 
flatfishes. These giants may live as long as forty years. The Adamic 
halibut is found in die Nordt Atlantic as far south as New York and 
the Bay of Biscay. 

The Summer Flounder or Northern Fluke, Paralichlhys dentalus, pos- 
sesses two distinct means of concealing itself as it rests on the bottom. 
One is by “bedding.'' As the fish comes to rest on a muddy or sandy 
bottom, it vibrates its body. finS, and tail in such a way tliat water 
currents arc set up carrying the loose material composing the bottom 
out from under It. The fish dien quickly stops moving and drops to 
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the bouom. The miteiial Milled up settles ‘°P 
ot iu body or. it the material is ^i, comes to 

The second method is •■“”7;7.“'“”“° ;cc" plisl.es Utis b, 
match the background upon tv-h«Ji it les^ P 

changes in the various kinds ot p.^ent cells ,i,e ,hual 

The summer Bounder has remarkab e P""'” „cd bottom. On 

effect ot a muddy, sandy, gratelly. oractically black, on a 

a very dark background tl.e fish ivdl become p 
very light one. almost nhite. Blue. ^en. yellm, om P 

various shades ot hroum are all green or blue 

mkes several months, hotvever. tor the much leu 

coloration, while yellows and brown can be d p 
time. On the other hand, many changes in pattern, 
can be effened in a matter ot minutes. summer 

.\5 startling as these color and pattern ch^u ' rcr 

Bounder eanL assume die appeuanee ot a Scon* platd. 
how long it may be toned to Itte upon one. back- 

All Batfiihes apparenUy potsess the power ot m well 

geound to tome degree; in die summCT cSTaie con- 

develop^ Experiments have sliown dial die p , |j.^mid to b« 
trolled by nerves, and that die fish must see >“ envitou- 

able to match it. Blind summer Bounders do not ^ Imnnoaei 

mens at all. Is has also been demonstrated. howet=. 
influence die color and pattern ot the fish. Fmatly. 
light, acting directly on d.e individual P'S™"' ePeir rigbn 

about pigmentation, because summer flounders *a ^ ^pss- 

colotlest and eyeless sides exposed to light— by bemg P 
bottom tank over electric lighis-dcvelop some P',S”“‘ jshes h 
whether they are blind or not. Control o[ colotauon 
therefore a complicated process. ^..pc ffde. 

As indicated above, the summer flounder gainiet 

both ot ill C) es being on the lets, in contrast to the a i bv 

flounder. Occasionally, a flatfish is reversed, that ix an 
longing to a spedei normally having iu e>ev on lU let 
them on iu right side innead and vice vena. At Iras 
summer Bounder is on record: it had lu eyes on the rig 
colored on both sides. eproduet*'' 

.Mthough there it hide definile mfornuuon ^ doe 

tubiu of ibc iumraer flounder, all indicaiiom are that i p* 
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iiig the early winter and that the eggs ate buoyant. It feeds on a 
variety of animal life, often rising to the surface in iu c/Torls to catch 
fislt. The maximum weight is twenty-six pounds but it usually docs 
not exceed five. It is an excellent foodfish and a popular gainefish: 
well over eleven million pounds are caught yearly. It ranges along 
the Atlantic coast of the United Suics from Massachusetts to Florida. 



FLOUNDERS AND THEIR CURIOUS EYES 

Fleundtrt, or (loHiihif hav* two all rigli*— 6vl belli era an iKa latna ildaj lha (1,h 

l.a on lha othar ilda, whkh !• blind. Tba cUaf diffarnnca balwtan lha igmmar llagndaf 
(l^pt and lha wintnr Houndar tbadaial b that lha ajrai of lha firit era on lha [aft, whila 
lha ayai of lha lacond era an tha right. 

Tlie Winter Flounder, Pseudopleutonectes americamis, lies on the 
bottom, and when some shrimp or crab appears, it rapidly pursues it, 
snaps it up^ and again settles down to rest. It undoubtedly also roots 
out some of its food, because bivalves and ivornis that live beneath 
the surface have been found in its stomadi. Occasionally it catclies 
small fish, but cannot eat large ones, as its mouth is rather small. 
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This species U a dexiral or riglil-handed flalfisli. dial is, tis cjcs arc 
both on the right side, and it lies on its colorless leit side tshen rot- 
ing. Sinisiral. or lelt-handed. winter flounders, having eyes and pig- 
ment on die left side and no pigment on the right, are sery rart 
A popular food and game fish, the winter flounder is ivell known 
to both commercial and sports fishermen. It is found along t e 
lantic coast of North America from Labrador to Georgia, n 
wanner pans of its range the fish migrates offshore during t e su 
mer. A spcciraen of more than fis'c pounds is very unusua . ic 
ord individual weighed dighily more .ban five pounds, thirteen 
ounces, and w*a3 twenty-two inches long. _ . 

Reproduction takes place from mid-December to May m the s 
ity of southern New England. In water from one to three latn 
deep, small groups of fish swim rapidly in tight circles, scattering 
eggs and mill about in a manner reminiscent of die sparks ro 
old fashioned pyToiechnic pinwheel. The tiny eggs stick ^ 

clusten and sink to the twuoro. They hatch in fifteen days 
degrees, the newly hatched fish being less than ihrce-sixtecnt « 
inch long. Young trinter flounders are occasionally found in 
ivater in streams but never far from the sea. By the time i ey ^ 
iKcotne two to three years old. svinter flounders have grow’n 
tween eight and ten inches in length. 

Tlie Starry Flounder, Platichthysitellalus, ranges along the 
of North America from wudiem California to Alaska and in ‘ ^ . 
East north from Japan and Korea. This spcacs belongs „ 

of Ratfishes that are normally dcxtral; that is. they hate i 
and pigment on the right side. In many species in this 
occasional abnormal sinUtral individual turns up. but in t 
flounder a large percenuge of these reversed fish, with jert 

on the left side, occurs. In California about half the starry ° ^ 

arc reversed, in Alaska about t»*o-thiid$. and in Japan the grea 
jority of individuals are sinUtral. . 

The body of die surry flounder is covered vviih small. 
siar-shapcd plates, from vthcnce it geo its name. It grows 
twenty pounds but averages considerably less. The eggs arc * 
early v»iiiicr to early spring. A variety of invertebrates, me 
crabs, shrimps, wonns, and bivalves, make up its food. fiiinf* 

Adutls uvually live in shallow salt water, along the shore, som 
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venturing into deeper areas, but the young are often found tn the 
fresh or brackish waters of the lower reaches of streams. Of the sev- 
eral species of Qatfishes on the Pacific coast of Nortlt America, the 
starry flounder is the most important for sports fishing. It is also 
an important commercial loodlish. 

The Common European Sole. Solea solea, provided the original filet 
of sole, a great delicacy supposed by some epicures to be the most 
tasty of piscine dishes. Those foodfishes in North America called soles 
are not true soles. The true soles are cliaracterized by their very flat, 
leaflike or tonguelike appearance, with dorsal, tail, and anal fins 
often continuous with one another, making a complete fringe around 
die body. The mouth, as well as ttie pair of eyes, is completely re- 
oriented, being twisted almost completely onto the under side of the 
head; that is. to the left side of the fish, while the eyes are located on 
the right side. The true soles found In Nortli America, such as the 
hogchokcr. are of practically no commercial value. 

The common European sole is found from die North Sea to and 
throughout the ^fed^terranean. Tlie usual size at which it is mar- 
keted is about eight inches. During the day soles hide most of the 
dme, doing their feeding at night. They eat bottom-inhabiting forms 
like worms and shrimp, which iliey apparently detect by means of 
tiny filaments on tiie under side of the head. Spawning occurs from 
April to August. The eggs float in mid-water, hatching in about ten 
days. Young soles frequent shallow water but move furtlicr offshore 
as they groiv larger. 


Shark Suckers— Other Fishes Carry Them 


T HE SHARK SUCKER Of Tcmora has a "free ticket" to journey 
almost anywhere it wishes in the greit watery world of our tropical 
and temperate seas. The vehicle it travels on may be a shark, a 
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barracuda, a marlin, a iwordfUh, a whale, or e>cn a ship. It cutjcs 
iu ticket with it always: a sucking disk on top of its head, enabling 
tlie remora to attach itself to these carriers and lease them at wi 
For creatures tlut travel free of cliarge, the shark suckm are 
cult to please when it coroes to leleaing tlicir iransporution. 
ten species or so. some liave a marked preference for one t)pe 
carrier, some for anoUicr. Usually, however, tiiey show a certa 
amount of latitude in tlicir dioicc. 

Remoras attach tliemtehcs in some pcctiliar spo^ Fasoriie P 
arc inside the gill-cavities or mouths of large Gshes like sliar . 
sunEshes. and iJie swordfish, for instance. 

The largest of the remoras rcacli a length of tliree to four ^ 
those alive today are placed in a single family (Eclicnci c) tn 
order Discocepltali — ^“diik -headed" is a literal translation. 

The Shark Sucker, EcheiuU mucraUs, regularly lakes frw ri^ 
large fishes and lunles, and sometimes on porpoises wd ^ 

fastening itself to Uicm by means of a powerful suckff. This oi^n 
located on die top of iu head, and is a flat, ortl plat^^t —nbe 
edges, having twenty or more narrow slau in lU center. 
raised, dim creating a vacuum. They are also provided wi 
backward-pointing spines: when pressure is applied from i 
they present die shark sucker from sliding off die surface to " 
is attached. Once a shark sucker has fastened itself, It cannot 
moved by pulling on iu uil. but must be slid off forwar ° 
ways, or die edge of the plate must be lilted to destroy t ic va 
Tlie shark sucker sometimes uses a sliark only as a means o 
portation, leasing its carrier in order to feed on small Bshes. 
limes it also shares the shark’s food, picking up scraps from lU ^ 
so to speak. Despite iu "hitchhiking” habiu, the sliark su ^ 
sis-im very well and rapidly on iu owti. It has to, in order to 
ride on a swifdy moving fish. . 

This spedes is somewhat elongated with a rather long seco 
and anal fin, and a squared-oS tail fin. lu first dorsal fin ^ 
since it has become modified to form the sucker. The sliark su 
an undershot jaw, and it is provided with many small tec • 

Color changes are very rapid; lire fish may be almost black or 
entirely white or marked with broad, longitudinal blacky jbark 
stripes, changing pattern from one minute to the next. 
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sucker rcnchcs a length of about iivo feet. It Is fouiut in all iropictl 
seas, and during the warm niomlis ventures into temperate zones. It 
has been rc|K)r(cd as far north as Massadiusctts on the east coast of 
North America and San Francisco on the west. 

At one lime in northern Australia, southeastern Asia, western Af* 
rica, northern South America and the West Indies, the larger species 
of remoras svcre used in fishing. A line was attached to the fisli's tail 
and it was allowed to swim about until it attached itself to some large 
fish or turtle. Then by stow, steady pulling both remora and the 
crc.alurc to which it w.!! attached were brought to llie {ishertnan's 
hands. .Vs sve have already suggested, the remora is unable to free 
itself if a pull directly backwards is exerted on it. This peculiar kind 
of fulling is still carried on wiiJi die shark sucker in some parts of the 
West Indies. 

The feasibility of this incdiod of fisliing was once tested at the New 
York Aquarium. After placing a Urge shark sucker in a bucket fillcJ 
wiUi sea water, it was found that the whole bucket could be lifted olf 
die ground by grasping die fish's uil. So strong was the suction de* 
veloped that ilie ttvo sliark suckers tested supported buckets filled 
with water that weighed twenty-one and twenty-four pounds respec- 
tively. 

So far as known, the remoras Uy pelagic eggs. Tlie larvae, up to a 
size of about one-tliird of an inch. Iiavc no sucker and float in die 
open sea. 


Trigger Fishes, Trunkfislies, Puffers, 
and Their Relatives 


In tke tropics, in ocean waters of little depdi, dwell the 
trigger fishes, the tninkiishes. the puffers, and their equally strange 
relatives. Often dicy throng the waters around coral rc^s. Tliey lack 
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a sircanjlincd l)ody. and, \shcn danger approacJics. >ou miglit expect 
them to !ic somc\sIiat at a lou. _ 

Many of these fishes. l>owcvcr, arc ready to meet all comers, tncy 
base an array of spectacular defense mechanisms tlicy can c^n 
' - ■ - - -i hard, bony shell to 


upon. Some bristle with spines; some can turn . 

bear the brunt of the onslaught; others can blow themsehes up i c 
balloon to foil the attacker. A number possess sharp teeth, capa 
of inflicting painful wounds. 

Large, rough scales coser the bodies of the trigger fishes ( J 
Balistidac), creatures tliat actually have a trigger mechanism m « 
dorsal fin. We sliall see later in this eliapier how they use it. 
of this large group, the central and western Pacific is home. ' 
arc extravagantly colored, but the fciv that occur in warmer 
waters or offshore tend to be dull. Tlic maximum sire ^t. 

all lies between six inches and two feet. With their P®" . , 

Uiey are able to cut into shelb to get at the living aniiwl insi - 
Because Uicir leathery skin is covered with tiny 
it rough to the touch, another family is known as die filefi* *» b 
nacanihidae). They are sliaped like their cousins the 
but the body b narrower and the first dorsal fin is just a sing e ^ 
spine. On the whole, they are small creatures— most arc less 
a foot long. In tropical and warm-temperate seas iliey form a 
merous tribe. rJidae). 

Heavy armor b the hallmark of the trunkfishes (family Ostra _ 

It does indeed form a kind of mink to protect these ^®**'*^^ bone- 
quite unusual one — it may have three; four, or five sides of ^ 

There are about a score of these brightly colored species we i 
tropical seas, the largest being twenty inriies in length or 
notable kind has hornlike spines projecting above the eyes, 
creatures are known as cowfishes. ntidae) 

The puffers, blowfishes, or swellfidics (family Tctra ° ^ 

are aptly named. Most of them can blow themselves up wi ^ 
rs-ater and assume a globelike shape. At such times, their mou ^ 
and fins seem dis-arfed by comparison, so that the 
be more a part of an underwater fantasy than creatures o 
blood. In the bargain some are poisonous. The largest speaes ^ 
a length of three feet, but most are less than half this sire. After 
their heavy eggs in the warm waters they inhabit, the ocean 
give them no further care; in sharp contrast, the fresh-water p 
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o£ the tropics guard their adhesive eggs and keep a parental eye on 
llie newly hatclied young. 

Also at home in tropical and wann-lcmpcratc seas arc Uie porcu- 
pine fishes and burr Qshes or spiny box fishes (family Diodontidae). 
They resemble Uie puffers in size and can inflate themselves the same 
way. But their numerous spines provide a clear means of telling them 
apart, and the beak is made up of two teeth instead of four as in die 
puffers. When they are puffed up, with their sharp prickles thrust 
out in every direction, tlie porcupine fishes look more like curious 
marine plants than fishes. There are some fifteen species. 

To round out our picture of the strange forms of life that make 
up this group, we should take a glance at die headfishes (family Mo- 
lidae). As diey swim about in the water, they seem to be all headi 
Their deep bodies appear to be cut off behind the high doml and 
anal fins. But they actually do have a short fringe of a tail. Their skin 
is tough and leathery, and diose who have tasted them say the same 
of die fiesh. The ocean sunfish, reacliing eleven feet, is the largest of 
the three species, the smallest being about three feet long. Sometimes 
they are seen sunning themselves in mid-ocean, but they may go doivn 
to great depths in their native tropical and temperate waters. 

The members of diis order are most closely related to die surgeon 
fishes, and there are seven to ten families in all. Because of certain 
peculiar features of the skull Uicy are called Plectognathi ("joined 
jaws"). All species have smalt mouths, which they cannot extend. The 
outer openings of the gill cavities arc small, and ventral fins are 
usually lacking; when present, they arc little, and located near the 
pectorals. As we have seen, these fislies may be very unlike each other 
in appearance, some being covered with rough scales, odiers widi 
prickly or leathery skin, or with a hard, bony shell. 

The Common Trigger Fish, Balhles carolinemts, is known from bodi 
shores of the wanner parts of the Atlantic and also from the Indian 
Ocean. During tlic late summer and fall it is a fairly regular visitor 
as far north as Massachusetts. Young specimens are common in float- 
ing seaweed and are undoubtedly carried nordi with diese planu by 
the Gulf Stream. 

A length of slightly more titan two feet is attained by the common 
trigger fish. Like most members of iu family, its body is compressed 
and somewhat rhomboid in profile, with the moudi, the trigger mech- 
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anism, the tail and ventral flap each located at one "comer." ^e ana 
and second dorsal fins extend along most of two of the sid^ In 
contrast to many other trigger fishes, wliich are armored I'dih en 
larged bony scales, it has a leathery, yet rough, scaly skin. It is apa 
ble of color changes, ranging from pale srhitc to dusky brown, eco- 
rated tvith blotches or reticulations. The strong jasvs and teeth are 
used to obtain both animal and vegetable food. 

The fish’s trigger mechanism is made up of the first three spines o 
llie dorsal fin. The front one is quite stout and can be made to 
up by the fish, at will. The second spine fits into a groove at the 
of the first, and when the two are erected, it slips snugly against e 
first and locks it in the erect position. Once lo^ed, the suong R 
spine will break oS before it can be depressed. The trigger is e st 
smaller third spine. This is connected to the second by a ligamm 
so tliat depressing the third spine pulls the second away from the R 
and allows these two to move freely and fall backwards. The * 
able to move its iliird spine and ilius can unlock its fin at wul. _ 

What practical purpose thb arrangement sers’cs we are not *°‘*^* ^ 
sure. Perliaps die spines, when locked in an erect position, 
trigger fish from being eaten. They can also be employed, . 
widt the ventral flap (that replaces tl»e ordinary ventral or p< ' 
fins), to svedge the fish securely in crevices between rocks ^ 
formadons, so that it cannot be removed. At the New York 
trigger fishes frequenUy wedged themselves in the rockwork o 
tanks, and many a visitor inlormed us diat these fish were $ 
there, not realizing that they could release themselves whenever 
wanted. 

The common trigger fish is frequently used for food, but 
die more brightly colored species of trigger fishes of die 
Pacific are reputed to have poisonous flesh. Some of these are 
bers of die genus Balisiapus that go by the musical Hawaiian 
Humu-humu Nuku-nuku ,4pua-a, which means “a spined fish wi 
snout or grunt of a pig." 


The Orange Filefisb, Ceratacanthm tchoepfi, alwa>s looks as * 
half starved, lu flat, angular, bony body gives it the 1 ^. 

being clironically underfed. As it slowly pokes along. 
means of undulation of its dorsal and anal fins, vviih its lutle pro 
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ing moutli, small but prominent eyes, and single, coarse spine located 
just above them, it cxliibits a gravely comic deportment. 

Its skin is hard and rough and was used as sandpaper at times in 
the pasL It is variously mottled witli orange, broivn and black. The 
range of the orange flleCsh extends from Maine to Brazil. The iish 
feeds mostly on sedentary or fixed animals and plants which it nips 
oS front their place of aitacluncnt by means of its sharp teeth. It at* 
tains a length of about two feet. 

We know practically nothing about die spanning of die orange hie* 
fish. Undoubtedly it lays buoyant eggs during the wanner months. 
Young specimens are frequently found along the east coast of North 
America during summer and early fall. They frequently take up a 
position with their head pointed almost straight down. ^Vhen in 
close association with undenvater planu. young orange rilcfisli at first 
glance seem to be plants ihentscivcs, bodi their color and shape help- 
ing to create this illusion. 

The Cowfish, Acatithostracion quadricomh, liscs inside its own suit of 
armor which it carries around with it at all times. The scales on the 
fish’s head and body hate become modified into hexagonal plates, 
securely ccmcmcd together to form a hard, immovable case, covering 
die entire fish save where iu fins, eyes, jaws, and tail project through. 
Just in front ol the eyes a pair of small, sharp horns point fonvard, 
and at (he rear of die body dicrc are Uircc pairs of spines pointing 
backtvards. 

Like a tortoise the cowfish is encased in a rigid shell, and like a 
tortoise it cannot move very fast. Depending entirely on its dorsal 
and ana! ftiu and, to a lesser extent, on iu caudal and pcaorals, the 
cowfish must "scull" or "rotv" itself through die water. Since it feeds 
upon worms and other small creatures ensconced in coral reef forma- 
turns, by breaking down the sheltering stone with iu powciful, sliarp 
teeth, it need not swim fast in pitnuU of prey. 

Although they have lost the mobility of their bodies, cowfish have 
not lost the ability to alter their colors. Sometimes Uicy arc pure white, 
other times tan or brown svilh networks of light blue markings. Prob- 
ably because their shell reuiiu water around the gilb. these fish can 
sursisc fur two hours or more out of water. 

The towTisli lays buoyant eggs about one Uiirty-sccond of an inch in 
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diaraeier. In about two days they liaicli into larvae tliat within a 
week have begun to dciiclop the hard covering so characteristic ri 
their parents. Adults reach a length of about one fooL Tliey range oQ 
boili sides of die tropical Atlantic, being fairly common as far north 
as the CaioUnas- Cow&dv may not loot appetizing, but their flesh u 
delicious and is often cooked in the fish's own shell. 



tlSH THAT tCStMSVE cows 

Tb« covtith gta It> MM frs« f»« ofaoM berBia« ffOfKlieVM oben ■>> i, 

w ing OMtvr* u ••acoMd >■ « rigia «Sio » >i; a ii ne* ebla la **'7 

■flcapobSa at igaad. Wana o>a Q»aag 1 )w cavfiib'i loMita (aadk aai 3 1'"' 
of tarot taah ia iha trepical Ailaniic, basa. 

The Northero Puffer, 5phoeroidcr maculatus, blows itself up 
thcr air or water until its whole body is spherical, like a , 

only its fins and tail projecting. The water or air is pumped 
into the stomach, part of which is modified into a spraal. m ^ 
sac. The mouth cavity acu as the pump, iu floor being 
considerable expansion and conuaction. Strong muscles at « 
of the stomach prevent the escape of the fluid or gas from that 
until the puffer vvishes to release it. An eight-inch specimen » 
a little more than a quan ol water in becoming foUy 
When blown up with water, the puffer is a difficuU or 
morsel for hungry predators to handle, and inflation widi ^ir 
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make it impossible for fisli-eating birds to hold a puffer in their claws. 

Puffers tfiemselves are savage predators, fiowever, and are provided 
with four very strong, sharp, nipping teeth. Tiiey feed on crabs, 
bivalves, snails, barnacles, and a variety of other invertebrates. ^Vhen 
tackling a large crab, puffers gang up on it and take turns in attack* 
ing it from all sides, harassing it like a pack of wolves until one 
member can deliver a bite to the crab’s vital nerve center to paralyze 
it. Then they all quickly tear it to pieces. 

IVhetlier tire northern puffer lays its sticky, heavy eggs on the bottom 
or whcUrer it simply broadcasts tliein through tlie water, allowing 
them to sink by tlieir own weight, is not definitely known. At any 
rate, spawning takes place during tire late spring and summer, and 
the tiny spherical eggs hatch about four to five days after being laid. 
Baby puffers only onc-fourili of an inch long can inflate themselves, 
practically turning inside out to do so. Female northern puffers attain 
a lengtlt of almost nine and one-half inches, while males rarely ex- 
ceed eight and one-half. The species ranges from Maine to Florida 
in shallow salt waters. 
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For many years it uas tcaliicti that lire uil muitlcs ol lli' P“|f" 
mate delicLs eating, but it teasel until b a 

„as ulilUed to any extent for fooiL Now 
regular item in many marVets. and eonsuD of puffers 

'T" to' “'the ftsb eomm^e^ly ar,» " 

knowledge that some o£ iu Paeilic "'*‘■'7 Hteir 

potsonous. It lus been shourt. .n some of them at to . 

Pnon resides in tltc internal organs and tint 

soon enough alter eatehing, U.e ponon doe not ‘ , 

tie meat-which then can be eaten with unpunit). 

mild poison at some in dte "“^’;,ore;ner. 


mild poison at some seasons in uic o.ai.eso. ..... , -w^eoret, 

it apparendy does not diffuse out mto the 

puffers are snipped ol that meat.yery soon ^.h 

^ere is never esen die slightest danger Irom eaung tasty seastl 


The Deadly Death Puffer. Tmaodon hbpidus, U Dial to ^yone 
eau it: the unlortunate saedm usually clies ''■>1”" ^ l,^omtiin. 
ffesh of this fish eonuins a poisonous oPen ao 

which causes great pain, nausea, somiti^. ^BOS to 

eompanied by patalysis and eonsuUions. Tl.e toxic , 

be concenuated in the reptoducuse organs, but enough P 

“ die muscle, to mabe eating die tlesh almost mtoably faub 

_ _ • _ . I a. .bs»us -ar** rVTlSOnOlU 3IC 


I Ihe musciCJ U3 maiac cihinji «ia. , 

Fishes that cinnoi be caicn because th^ arc about 

principaUy in tropical seas. It has been esumaied i^i 
three hundred species ol such fishes m ^rfeath puficr and 

pie. Most oi these arc not as dangerous as the deadly dcau' F 
some of its relatives. Other closely rcUird puffers 
are perfectly edible, howeser; in fact be 

To make matters more confusmg, certain Lmds of fish 

_i avj T-MT. and some sped 


To maXc matters more contustng, cauuu y- roedcs aie 

poisonous only at definite seasons of the year, ^d sorM 

deadly in one area, but harmless in another. The u ^ ^j^oftas 


deadly in one area, uul rir -a.wwww.. noisonous 

indicate that the food consumed by the fish imparu P° 

quality to its flesh. wherever it i* 

But the deadly death puffer is poisonous Avhenever o Indiad 

found— and it is ■widespread through the warmer ° . jj aho 

and Pacific Oceans from the Red Sea to the Hath-au^ ^ , 

occurs in bractish or fresh waters. The deadly deatn p 
brightly and variably colored fidi, covered with yellov ° 
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spots on its back and sides and sviih yellow or light olive streaks on 
its belly. Like most oilier puffers it an inflate itself with air or water. 
It niay grow to a length of twenty inches. 

Tlie Porcupine Pish, Diodon hystrix, is covered with numerous long 
spines. Ordinarily these lie close to Uie body, but when the fish in- 
flates itself — like its relative the puffer — it looks like a spherical pin 
cushion, all of its spines sticking straight out. These can inflict painful 
tvounds, for tlicy are boili sharp and long — more than two inches in 
large specimens. Porcupine fish grow to a length of more tlian lliree 
feet and tlicn appear like basketballs studded with nails, svhen they 
are blowm up. 

Found all over the world in tropical seas, the porcupine fish is well 
known to many peoples, but its life history is pretty much of a mys- 
tery. The Japanese use it for food, although it is considered poisonous 
in most couJitrics, People liave died from eating its flesh, which is 
believed to became toxic by absorbing poison from die fish's vital or- 
gans after its death. SouUt Sea Islanders employed the spiny skins of 
porcupine fish in making helmets for their war dress. 

Tlie Ocean iunfisli, Afald mold, has a peculiar oval body, flattened 
from side to side, with a long narrow dorsal and anal fin projecting 
up and down from die posterior part of it. At first glance it seems to 
have no tail at all, but close examination reveals that an abbreviated, 
crescent-shaped one cosers the whole back of the body. The fish gives 
the appearance of having had the tear half of its body chopped olf. It 
swims by ssvinging its dorsal and anal fins back and forth, both to- 
gether, and by undulating them at die same time. 

Large specimens of the ocean sunfish are seen swimming or floating 
lazily at the surface of all the tropial seas or in temperate ones dur- 
ing tlie warmer months. They aiuin weiglits of over a ton and lengtiis 
of perhaps eleven feet. Their grayish brown skin is leathery in tex- 
ture, very tough, and averages more than two inches in thickness. The 
interior of the fish shows specializations as peculiar as those mani- 
fested externally. For example, it has lost the usual trunk muscles 
present in ordinary fish, and its skeleton is soft that it can be cut 
widi a knife. 

Ocean sunfish feed on small crustaceans, jcllyfisli, the larvae of other 
fishes, and perhaps algae. Reproduction is by means of tiny, floating 
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eggs. Lanai lunfish loot enliidy diffoFonl from adolu, '>“""3 “ 
bf ot variously shaped spines. The s^ies u not genenUy eons.dcre 
edible, although the Japanese are sard to relish its liter. 





Toadfishes— Some Can Sing 


T 

XiiE TOAOFISUES — Ugly, battling scavengers — live on the 
bottom of tropical and temperate seas from shallow to deep ivater. 
Some haunt inlets: a few tropical species enter rivers. Colored like the 
rocks and weeds amid which they dwell, they often stay in ambush till 
their prey draws near. 

The largest toadfishes reach a length of about one and one-half 
feet, but the majority are less than one foot long. Some of them, be- 
cause they have, on Uie belly, rows of luminous organs rather like 
shining buttons, are known as midshipmen. Many arc able to pro- 
duce noises by vibrating tlieir swim bladder. Those species whose 
habits we know, lay adhesive eggs over which the male keeps watch. 

On the east and west coasts of tropical South America and in the 
Caribbean Sea there are a few toadfishes (genus Thalassophryne) 
which are notorious for their poisonous spines. Two of these spines 
are located in the front part of the first dorsal fin, and one projects 
backward from cacli gill cover. The dorsal ones at least are hollow, 
ivith an opening near the tip, and are connected to sacs in which 
poisonous material is stored. The resemblance to the fangs of venom- 
ous snakes is striking. 

The toadfishes and their relatives (order Haplodoci) are generally 
stout-bodied, with naked skins or with small scales thoroughly em- 
bedded in slime. The mouth looks savage; it is large and armed witli 
curved canine teeth. Pelvic fins are located svell forward. There is 
only one family (Batrachoididac, or “froglifce’’), and it has about 
thirty species in it. 

The Toadfish, Opsanus tau, acts as tough as it looks. Its stocky, scale- 
less, darkly mottled body and large, flattened, tab-covered bead give it 
a someivhat repulsii'e appearance, while its capacious mouth and 
strong jaws, well armed with numerous blunt teeth, is set at the cor- 
rect angle to make it appear most pugnacious. 
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TMdBsh can and do inflict natty wound, when 
die, arc ctpccially fuU o! flgh^ "'M' ^”"‘‘“1'?“ toned by most 

ihS can sunivc under adverse '■'“■s conduion, stoned y 

ILto For otamplc, they can wM severe 

particularly in the younger stag^ olten bite the 

several hours. It annoyed by strch tenadoudy 

object so hard that they can be Wted out ot the water stdl tena 

’“Tradlish often live in very shallo^ater ^ng ^ 

Maine to Florida. Such ^"'."7 'a™ “breatog 

hence the usefulness of dte fish-, abd.n- “ r^Mmals. in- 

eondiuons. They feed voracrously or. » P'" of all 

eluding worms, shrimps, crabs, snads. bivalves, squid, hsli 
sorts, and oifal resulting from the amvaues ot ito. . ^ ,i„„ 

Toadfish have ev en turned to good account man s proclivity 
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the tvorld witli his trash. Among tlicir favorite nesting sites appear to 
be broken boiUes, jugs, tin cans, boards, and old shoes — apparently 
anything tiiat provides a large enough cavity — as well as more natural 
objects like shells and stones. Tl>ese nesu arc diligently guarded, each 
by a male fish. During June and July tlie large, tliree-sbcteenili-inch, 
amber eggs are spawned. Tliey are spherical and adhesive and are 
usually laid in a single layer on die floor or roof of the nest. 

As many as seven hundred eggs may occupy one nest, sucli a large 
number being tlic product of more than one female. They hatch in 
ten to twenty-six days depending on the temperature. All this while 
the male carefully deans his nest and eggs and from time to time 
fans them witli his large pectoral fins. The young remain witliin the 
nest under tlie protection of their father for some time after hatching. 

Toadfish spend die winter hibernating in mud. Dy the time they 
are one year old, young toadfish are about diree and one-half inches 
long. Tliey may grow to be fifteen inches in lengUi. but rarely exceed 
one foot. In captivity toadfish sometimes become quite tame, learn- 
ing not to resist handling and to be fed by hand. 

The Pacific Midshipman, Porichthys nolalus, is best knotvn for die 
noises it makes, giving it the name of “singing fish." These sounds 
have variously been described as a humming, a resonant croak or 
bark, or a grunting noise diat sounds like "oonk." It is agreed, how- 
ever, that the fish can make itself heard for remarkable distances— 
at least forty to fifty feet. Tlic sounds arc produced by vibrating die 
swim bladder by means of special muscles. 

The midshipman is an elongated fish with a ratlier large head, 
mouth, and pair of eyes. It is a dirty brown or green, and its scale- 
less body and head show numerous small, round luminous organs, ar- 
ranged in rows. Each of these liny light-producing regions is equipped 
with a minute lens. Midshipmen grow to be about fifteen inches 
long. During most of the year they inhabit moderately deep water 
along die west coast of North America from southeastern Alaska to 
the southern end of Baja Califomia. Nordi of Point Conception Uiey 
migrate into shallow water to spawn during the late spring, 

Cavities underneath stones arc used as nests. Sometimes tliese arc 
scooped out by means of ilic fish's pectoral fins. Large, adhesive, pink- 
ish eggs are laid in a single layer on die roof of die nest. Sometimes 
several females ivill spawn in a single cavity. Usually there are from 
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nvo hundred to five hundred eggs, guarf^ by 

rfd^ipman. «hp never leaves even n, ^ ^ 

rubbing U.en., and 1! the nest u so loeated 

to air during low tide, he retnatns below ,„.rr if 

his fins. Midshipmen can hve as long as eight hour 

'■'Sa^Sg occurs in two to Utnte weeU ^d for 
the larvae remain atuched to the roof of the Mt y th y 
Finally, when they are about one^d ““' ‘““"f luring 

young fish become free-swimtmng. ncr J ^,urume 

the t&y, and feed on small invertebrates at mght. Adults 
larger crusuceans and other fishes. 


Anglers and Balfislies— Fisb Thai 
Fish for Other Fish 


The various elnds of angler fishes and then 
espcciaUy interesting, bcause they are not only jorra a 

Many ol them ha\e a spine ol the first dorsal fin m 
lure and use it to attract prey. Usually, their bodies “ 
clumsy, with a head and mouth that are rclaiively Bih. 

The frogfishcs or fishing-frogs and Uieir cousin, the sar^^ 
([amily /Vnicimariidac) are found in shallow, lis-ing 

around coral reefs and among seaweed, or m ^ 

floating seaweed. Many of them show bnarxe «>lor pa 
ilireadlike **deconilions,’' but in all instances these 
^ c.u -i-t.. 1 ;.Ht ^arhes a length 


Uxjeadlike **decoralions,’' but in all instances these about 

camouflaging the fish. The largest speaes reacha a ^narid* 

:nrhM anrl a upioht of sescnd Dounds. bui few . 


camouflaging the bsh. me largest speacs f„7antena 

eighteen inches and a wei^t of seseral pounds, but ^ 

arc eser one foot long at maximum size, many being 
inches. 
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The anglers {family Lophiidac, witli perhaps a dozen species) are 
large, hottom-inhabiiing fislics found most frequently in fairly deep 
water. Some species enter sliallow svater during the colder parts of 
the year. Anglers are known from die Atlantic, Pacific, and Indian 
Oceans, The largest species become four or more feet long. 

Tlie deep-sea anglers belong to nearly a dozen families. Approxi- 
mately one hundred twenty species are known from the depilis of 
occaju all over the tvorld. Most of them are small, but a feiv reach 
lengths of about three and a half feet Unlike the members of the 
family Lopliiidae, die deep-sea anglers do not habitually lie on the 
bottom, but do their fishing in mid-water, fifteen hundred to fifteen 
thousand feet below the surface. Females are equipped with a lure, 
which is believed to be luminous in all cases — as indeed it would have 
to be in order to operate effectively in those regions of total dark- 
ness, It has been shown in a number of cases that the light is not pro- 
duced by the fish itself, but by special bacteria living inside die bait. 

There is a fantastic variety of styles among the fishing apparatus of 
deep-sea anglers. Some are short, in others the “fishing rod" is as much 
as three times as long as the toul length of the fish. Some are tipped 
with simple, bulbous lures, others widi weirdly branched or shaped 
ones, often bearing peculiar tenucles or buds. So little is known about 
these fish tliat it ivould be foolhardy to try to explain just what is the 
significance of this great variability. 

Deep-sea angler males are very mucli smaller than females, and they 
never possess a lure. So entirely different are they from the females 
that for years they were considered to belong to entirely separate 
species, even different families. 

In the north Atlantic, spawning occurs mostly during the summer. 
After liatching, the young fish live mainly in the upper layer of the 
ocean, feeding on small floating creatures, undl they become adult-like 
in form and sink down into deep water. 

The batfislies (family Ogcocephalidae) arc among the most pecu- 
liarly shaped of all fishes. They are mucli depressed, that is. flattened 
from back to belly, and the peaoral fins extend out at an angle from 
broad triangular bases on either side of the head. Witli Uiese two fins 
and the sturdy pair of pelvics underneath, a batfish can walk about 
the bottom, moving alternate forelimbs (pelvics) and hind limbs 
(pectorals) together. This “four-Eooted" gait, unique in fish, may be 
replaced by rabbitlike hops. When the fish jumps, the pectorals 
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provide .he poo-er for Ure leap, and d.e M. lands ^ 

At least one species of batfish has been seen to angle for pr^. 11 ^ 
Vnoblile bait is affixed to a short stem tl, at motes “ r* 
plunger. IVhen not in use. the mechanism is hidden mside d 
head" of the fish. The tarious hatfishes inhabit ^e bott^ of J ^ 
seas, often in deep tvater. They seldom exceed one foot in len„ 


All told, there arc about sixteen tamilies in 


this group of 


fishes (order Pcdiculati — "liulc feci*'). 


We have already had a 


picture of some of tlicir peculiar features: these ^ll^^ninS* 

tnral fins. ribs. uil. and bony smiaurc of the sl.uU. Tije g>_ 1" j 


total fins, ribs, uil, and bony smiaurc of the skull, i nc b 
are small and arc located behind the pectoral fins, not i ^ 
Uicm as in otlier fishes. In a few of tlie anglers, 1 fin b 

ings extend in front of Uie base of the pcaorals. Each pea ^ ^ 
allied to a fleshy base with an elbow-like joint. This siruc 
well developed in some of the antennarids (frogfishes an “ 

ilut the fin acts somewhat like a limb, complete with in 

"hand,” and "fingers.” When present, the pelvic fins are 
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front of the pectorals. Seales arc present only as prickles in Uic skin 
or are absent ahogcdier. 

The Sargassum Fish, HislriQ gibba, lives among sargassum sveed and 
climbs about this floating ocean plant by means of peculiar patoral 
fins, so constructed that die flsh can aciiially grasp a brancli with its 
•■fingers" and hold onto it. At the same lime the pelvic fins arc also 
ciiiplojcd somewhat like feet, in a sliuflting manner, to aid in moving 
about. So well do the many fringes and tabs on iltc sargassum fish’s 
> head and body break up its outline, and so perfectly doo its color 
and pattern match that of tltc sargassum weed, that an individual can 
disappear before one's eyes as it deliberately moves about in a clump 
of this seaweed. 

Aliltough they rarely exceed four indies in length, sargassum fish 
have huge appetites and. if given the chance, will cat considerably 
more titan their own weight in food at one time. They can swallow 
a fish larger than themselves because of their relatively enormous 
mouths and the fact that their stomachs can he stretched out of all 
proportion to their size. Prey Is stalked — sometimes for hours on «nd-— 
until approached near enough, when with a sudden dart and widely 
opened inouilt the sargassum fish engulfs it. The fish ts capable of 
making relatively great flying leaps, and it can also swim slowly m 
mid-water by utilizing the jets of rvatcr emitted from its gtll openings 
together with tlic pectoral fins. 

Tlie eggs are laid in floating, gelatinous rafts that are many times 
as large as the fish that spawned them. They he lightly rolled up 
within the ovaries, but once laid the jelly-like sheet enveloping them 
swells tremendously. The sargassum fish has been found m practically 
all tropical seas. It occasionally drifts north along wiUi Uie seaweed m 
which it habitually lives. 

The Goosefish, Lophius americauus, uses one of its spuies as a fishing 
rod, complete with bait, to lure prey within reach of its great mouth. 
The first three spines of its dorsal fin stand apart, separated from 
one anotl.er: die most forward of tliesc is located just behind Uie up- 
per lip of the mouth and is eiiuipped wiUi an irregular, leaflike flap 
of skin at its tip. Tins lure is jerked back and forUi over the mouth 
in a way iliat apparently successfully imiutes the movement of small, 
edible creatures, because several kinds of fishes have been seen to be 




attracted by it— and abruptly to end their lites within tile goose- 

fish’s maw. . . i,„j 

At first glance the goosefish appean to be "all head, and its head 
seems to be "all mouth.” Almost OQC-hal£ of the entire fish is com- 
posed of the very wide, flat head, and the body so sharply upers doim 
to the tail and is relatively so small llut the goosefish looks like a 
tadpole at first glance. The enonnous mouth is dirked upivards. and 
the lower jaw projects far beyond the upper. Both jaus are lined with 
numerous sharp, fanglike teeth which may be an inch long m large 
specimens. The eya are located on top of the head and arc dircacd 
upsvards. The pertoral fins arise from thick, fleshy aims irntea o 
directly out of the body as they do in most fishes. No gill covers arc 
present, but instead there is a small opening from the gill ch^ cr 
behind each pectoral fin. Rows of fleshy ubi decorate the scaleless, 
slimy head and body. The color is dark brown or black on top and 
dirty while underneath. _ .. 

Goosefish reach lengths of three to four feet. They acusely s 
their prey and also lie passively on the bottom, luring it within 
by means of their rod and bate In either case, the creature is sudden y 
and completely engulfed (if not too large) by the goosefish s tre 
meodous mouth, the mere sudden opening of which causes a strong 
flow of water, helping to draw the prey to its fate. . , v » 

The appetite of the goosefish is enonnous, if not insatiable, i o 
only arc fishes and invertebrates of all sorts consumed, but 
species of sea-birds and now and ihcn a sea-turtle axe captured an 
eaten. One goosefish’s stomach contained nventy-one flounden an a 
dogfish, all of marketable size; another had seventy-five herring. ^ 
a third ha<l seven ducks! The mass of food frequently weighs b as 
much as the whole fish, that is, twenty pounds or more. Sometime* 
goosefish swallow, or try to swallow, too large an animal and die as 
a result. 

The range of the goosefish is along the eastern coast of No 
America from Newfoundland to North Carolina in shallow 
and to Barbados and the Gulf of Mexico in deep water. The 
tends to come cl(»er inshore during cold weather. 

The eggs are laid in late spring and summer. They appear in Mt 
ing ribbon-shaped veils of mucus that may be twenty to , 

long and two to three feet wide, arntaining hundreds of ihousan o 
eggs about three thirty-seconds of an inch in diameter. They 



ANGLERS AND RATFISHES I6S9 


in jboiit four or five days; the young sivhii at the surface of Ute open 
sea nntil about an inch and a quarter long, n-hen they take up a life 
among lloaiing seaivecd. Later they sink to tJic bottom, near or upon 
fvliich they spend the rest of (heir Jives. 

The Deep-Sea Anglcrt Dorophryne apogon, is one of a number of 
hshes that inhabit the depths of the ocean. It has a baglike body tlut 
is capable of great expansion, svell-dcvelopcd fins, and enormous jaws 
lined with many sharp teeth, some of Uiera fanglikc. These teeth are 
so long that the creature apparently cannot dose its mouth completely. 
The eyes appear to be well developed. Just over the moutli is lo- 
cated a short, flexible projection at Uie tip of which is a buibous struc- 
ture carrying a complicated mass of liaitlike Uireads. Tliis bulb is 
bluish-purple, and the fitamenu are white, while the rest of the fish 
is jet black. The bulb is capable of emitting purplish light. 

This small species of deep-sea angler reaches a length of somewhat 
more tJian three inches. N’everiheiess it is capable of swallowing a 






The Great World of the Animals 
Without Backbones 


HOW ^VE CL.VSSirY ANIM.VLS 

If a modern Noah were to assemble specimens o£ all the 
kinds oE animals, Erom the least to tlie greatest, and to try to allot 
Uiem berths so that eaclt would be surrounded by its next of kin, he 
might first try to arrange them according to size. But he would not 
like the resulting groups. Placing the ostrich between iJic kangaroo 
and the tuna fish just wouldn't do, nor would it seem right to place 
tlte hummingbird between the tarantula and Uie field mouse. 

Our twentieth-century Noah would soon decide that all creatures 
*ivith wings and feathers must be more closely related to one another 
than to any other animals. He might then try to separate all animals 
into large categories, such as animals Uiat live in the water and anl> 
mals that live on land. That division would seem valid as far as birds 
and fishes are concerned; but Noah would quickly observe that some 
shelled animals live in the ocean and some climb trees, while some 
six-legged animals, such as mosquitoes, spend the first part of their 
lives wriggling in the water and the last part dying in the air. 

Sooner or later, lie rvould observe that many animals Jiave back- 
bones, and that many more have none. If he put all creatures svith 
backbones in one division, he would see Uiat all of them have very 
complex bodies, and that they can be subdivided easily into five dis- 
tinct groups: fishes, amphibians (consbting of frogs, toads, and their 
relatives), snakes and lizards, birds, and finally the mammals. If he 
looked, then, at all llie animals without backbones, he ivould be fac- 
ing a tremendous number of creatures, of such differing body forma- 
tion tliat Uiey have almost no points In common except Uiat they are 
animals and iliey are spineless. 
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This problem that we have given our imagined Noah is a very real 
one to die zoologist ivho wants to look at animal life as a ivhole, and 
to study the habits, origins, and rchtionsliips of living aeatures. Most 
of our methods of arranging and studying living forms have been de- 
veloped widiin die last two hundred years. It ivas only about 150 
years ago that the great zoologist Lamarck first classified all animals 
into two divisions. All diose with backbones he called vertebrates; all 
die spineless, invertebrates. 

A few years before Lamarck’s work, die Swedbh botanist Linnaeus 
had devised a set of terms for the divisions and subdivisions among 
both plants and aninuls. Let us review diem here. The term for the 
largest division is phylum (plural, phyla). The vertebrates are con- 
sidered a phylum. A phylum may be subdivided into classes- Birds 
form one class of die vertebrate phylum. Classes arc furdicr subdi- 
vided into orders. For example, all the perching birds are placed in 
one order. Eacli order consists of a number of families. The thrush 
lamily belongs to the perching-bird order. Families arc divided into 
genera (singular, genus). Bluebirds form one genus of the thrush 
family. Finally, genera are divided into species, a cJassificadon by 
which, for example, we separate the Eastern from the Western blue- 
bird. 

To take an example from the invericbratest The Arthropoda (lob* 
sters. spiders, insects, etc.) is a phylum, of which the insecu are one 
class, and in this class moths and butteiBies together form the Lep- 
idoptera order. One of the largest of iu 160 Families is the Nymphal- 
idae, and in this family Vanessa is a genus, and the Painted Lady. 
Vanessa cardui, is a species that almost everyone in Europe and the 
United States has seen. 


THE INNUMERABLE INVERTEBRATES 

In the following chapters we will consider some of the odd, interest- 
ing, or beautiful animaU that make up the invertebrates. Unlike the 
vertebrates, these do not consist of just one phylum but of several, 
possibly eleven, each possessing characteristics as distinct from those 
of llic oUiers as from Uiose of the vertebrates. 

''Innumerable"’ Is tlic word to stress in trying to think of these ani- 
mals cn masse. Not only do the invertebrates outnumber the verte- 
brates in phyla, they also excxed all mammals, birds, reptiles, am- 
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pliibians, and fishes in species by about iwcnty-cight to one. They 
range in structure from a simple, microscopic globule of protoplasm, 
like tlie amoeba, to creatures of such complex and specialized forma* 
tion as the lobster, Uie seventeen-year cicada, the sponges, Uie cliam- 
bered nautilus, tlie mosquito, and the octopus. 

Some of these creatures live simple, uneventful lives from begin- 
ning to end. Some live parasitically on. or in, other animals; and some 
of these, like the malarial parasite, may become seasoned travelers, 
living for a time in one kind of animal, then moving to another kind, 
and tlicn to still anoilicr. Some live die early part of their lives as 
alarming caterpillars, and die latter part as beautiful butterflies. Ob- 
viously, only a very feiv species can be discussed in these pages. You 
will find descriptions here u( those that are typical, or lead especially 
exciting lives, or have some known relation to man. All of the phyla 
will be discussed to some extent. 


The First Animals 


ANIAfALS OF BUT A SINGLE CELL 


I ROTOZOA are the first or earliest creatures in the animal 
kingdom in the sense Uiat they have the simplest kinds of bodies. 
These minute animals do not have a head, heart, stomach, legs, or 
any of the other parts we usually find in an animal. The protozoan's 
entire body consisu of just one cell. With this single cell, the proto- 
zoan absorbs its food, moves about, divides itself to form new indi- 
viduals, and may even develop a covering. 

Protozoa are everysvhere. on land, in the sea. and in the air, but 
diiefly near the surface of shallow water, either salt or fresh. Stagnant 
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4\-atcr teems ^vith them- Most of the species are too small to be \isible 
to die naked eje, and only a few can be seen without a hand lem. 
They are so transparent dial you look right through them, seeing only 
a speck of jelly-like material, called protoplasm- It takes a medium- 
powered, compound or binocular microscope to reteal these beautiful 
little creatures belonging to the phylum Protozoa- 

The Amoeba- One<elIed though they may be, the animals belonging 
to the genus Amoeba are unique in that diey are constandy changing 
shape. The best way to observe some of them is to place a drop of 
stagnant water on a glass slide. If naturally stagnant water is not 
easily available to you, soak a litdc grass in a jar of water at room 
temperature for a few days. Place a thin cox er glass oxer the x»-ater to 
compress it into a thin layer. This b necessary because the focal depth 
of a microscope b extremely shallow, and geu rapidly shallower as 
the magnificadon is increased. Houever, in order to gain a litde more 
room for activity in the water, you will find it helpful to support the 
coxer glass by a fexv fiben of cotton or some hairs from your bead 
placed beside the drop of xvater. 

Adjust the focus and the light to get the dearest possible vievr, and 
you Mall soon be gazing at the strange and intriguing xvorld knoxx-o 
only to the mlcroscopbc If you are fortunate, a of transparent 
jelly on the slide xxiU start to bulge on one side. You xvill see the 
bulge extend farther and farther, until, suddenly, the enure blob 
xrill seemingly flow imo thb extended arm, or pseudopod. Nfcao- 
xvhile, other pseudopods xrill have reached out bom the blob. The 
main mass will finally flow into one of these, as it did before. Tbb b 
the amoeba's method of travel. 

You may notice a darker spot somexxhere near the center of the 
maxx . It b the all-important nucleus, the spot of essential life xrilhin 
the protoplasm, An^ somewhere, you should obserxc one or more 
oily spots known as the contractile vacuoles, small cavities xx-hicb con- 
tract and expand at more or less rhythmical or regular intervals. 
'There may be other roundbh spots, the food vacuoles; these are frag- 
ments of food xvbich the amoeba ha* surrounded and b assimilating. 
When the edible parts have been dbsolxed, the animal discards the 
remainder by the simple process of Qoxving on and leasing it behind- 

— How Amoesaz Scfasatx axo U.nite. There comes a time when 
txvo pseudopods form, seemingly of equal importance, and usually on 
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opposite sides oE the anima!. The protoplasm is now flowing into both 
of these arms. The amoeba is increasing in length and is beginning to 
shrink in the middle. The nucleus lias divided. onc-haU to each part. 
Soon, the two parts separate and flow off in opposite directions. This 
mctliod of reproduction, known as binary fission, is followed by the 
Protozoa. 



lilll* world. Il movoi fair pushing ovi o port of Siwlf and pulling thi rail elong. In in 
frovoU. il ongulla ortrylhing imollar thon jriaU. Ai il pouei on. II obiorbs whoitvar 1, 
food; wholtnar if nol food <1 iao>a> bahind. 

Sometimes two amoebae unite. They meet aud, after a moment ol 
hesitation, either slide along past each other or flow into eacli odier. 

For all its apparent fragility, the amoeba is a durable animal. Wlien 
it finds conditions unfavorable for an active life, it prepares for hard 
times. First, it assumes a spherical shape by pull’ng in all its pseudo- 
pods. Then, it thickens and toughens the wall which surrounds its 
oiie<elIed self. In this condition, when the pool in which it has been 
living dries up, the amoeba is picked up by the wind and carried 
away, to lodge, perhaps on a motmtain peak, or perhaps on the side 
of a shed. There it can linger until rains come to carry it to another 
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Stream, pond, or puddle. Then, its cystHLe wall is broken, and the 
amoeba resumes activity once again. 

If the amoeba we have been watching has pseudopods that are 
rounded at the ends, it is probably Amoeba proteus. Amoeba quarta 
has short, sharp pseudopods. Another amoeba that )Ou might find in 
jour drop of stagnant water has pseudopods so short and round that 
the CTeature appears to have a rougfalj' scalloped edge. It is called 
Amoeba verrucosa. 


Amoebae That Lire in Other Animals. Most amoebae live in rvater, 
salt or fresh; a tew live in damp earth. One whole fam ily, comprising 
many spedes, lives in the digestive tracts of other animnlt. Of these, 
one species makes its home in cockroaches. Another spedes, £nm- 
moeba eoli, lives harmlessly in the human colon; but the spedes 
called Entamoeba histolytica causes the dangerous illness, amoebic 
dysentery. 


FORAMLNTFZRA 

This large group of protozoans with the long name is interesting for 
two reasons. Their first claim to distinction is that within the limits 
of their one<elled bodies these creatures have developed strange or 
bauiiful shapes. There arc about twelve hundred spedes of Foram- 
inifera, each as queer or as exqubiie as the others. They are so tiny 
that jou can study them only under a microscope, but you will find 
them wdl worth all the time you spend on them. Secondlj-. they have 
lived through so many geological ages that today, in many parts of 
t e v\orld. their tiny skeletons form important parts of our landscape. 
Tliey compose the chalk cliffs of England, and they arc present in 
many of the limestone ridges of Xonh America. They are also a large 
part of the soft muck that we find at the watcr*s edge at low tide. 

It is hard to believe that the great dty of Paris is indebted to these 
obscure anunals. In the region of die dty. there is a large bed of lime- 
stone. It IS composed almost entirely of the shells of the Foraminifera 
genus .tfilio/inj, and is hundreds of imUiom jears old. Many of the 
buddings of Paris are made of this ttonc: in it you can see the minute 
remains of .Miholinas with the aid of a tern. 

Most of die Foniminifera build shells of lime or silica. These shells 
are peiforaicd vs-iih many small and some Urger holes (called fora- 
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njen, from wliitli wc get the name Foraniinifcra). Through these 
holes slicaiii the pscudopods, not lumpy or dubbed like those of the 
amoebae, but long, slender, very delicate, sometimes brandling, and 
often interlaced into a net or web. And yet, for all this extraordinary 
outward form, wiUiin its shell die tiny creature remains a simple, 
one<elIed mass of protoplasm. 

Most Foraminifera are ocean dwellers. A few live in fresh water; 
a very few species have been found in damp earth. Certain species 
ti\e on, or near, die surface of the ocean and are called “pelagic” 
forms. Many of these create complicated and spiny shells. In the 
Globigerina species, the individual, while growing, builds a series of 
adjoining shell-diambers, all connected by a passage through which 
Uie protoplasm is united in a single cell. As iJicse pelagic Foraminif- 
era die, their shells sink to the bottom of the ocean, forming a layer 
of gray mud Uiere. This mud is called “globigerina ooze,” although it 
might be more accurate to call it “foraminifcTa ooze.” 

hfost of these aeatures live only on die beds of deep seas, and 
these are called "abyssal.” Those at the greatest depths have shells of 
silioi, more durable scuS chan the lime used by their surface relatives. 

Foraminifera have been living on this earth for some 500,000,000 
years, ever since the days geologists describe as the Cambrian period, 
the earliest subdivision of the Paleozoic era. Their fossils have been 
found all over the world, but chiefly in the North Temperate Zone. 
Many of die ancient species were much larger than any of Uiose living 
today; odicrs were only about the size of a quarter. 

It is not their size, however, that is significant, but dicir great num- 
bers. The stupendous quantities of Foraminifera that compose our 
familiar limestone ridges and chalkcli^ are beyond human compre- 
hension. Those living today are almost equally numberless. 

SOME COMMON FRESH-WATER PROTOZOA 

EugUna. Often enough, as you stand beside a small pond or walk 
beside a roadside ditch, you will notice that the water appears green- 
ish. A drop of tliat water examined under a microscope is almost sure 
to show, ainong many other things 3 fpectinen of the procoaaan £«• 
glena viridis. It does not look at all like the amoebae that arc likely 
to be living in the same drop of water. It is greenish and spindle- 
shaped. and at its blunt end you can duiinguisli what looks like a 
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short, A\-avy hair, Tim liairlike tail is failed a fiasellum (plural, fla- 
gella). Its tiny possessor lashes it back, and lonh to propel iiseU 
through the tvaier. 

Inside the body o£ Euglena i-iridu, and not Ear from the base of 
the flagellum, you will notice a bright-red spot, called a stigma. This 
is belies ed to be a light-detecung organ, the scry simplest suggestion 
of a primitive eye. 

Tbe green coloring of this animat is caused by the vegetable 
pigment. chIoroph)ll, together with a starchlike material called 
paiamylmn. This little green creature has the planilikc ability to de- 
compose tbe carbon dio.vide in u'ater. assimilating the carbon and 
leleasing the oxygen. However, it also possesses the animal character- 
istic of sweeping food into a mouthlike opening vt'ith its flagellum. 

Volvox globalor, found in ponds, looks like a small, green ielly- 
ball, but is aaually composed of thousands of individuals. As the ball 
ages, subcolonies, called daugjuer colonies, form inside it. Eventually, 
the ball breaks, the daughter colonies separate, grow, and develop 
daughter colonies of their own. 1 be ball appears to move through the 
water by the coordinated action of tbe Sa^Ia of its members, a faint 
presage of the beginning of maoy<eUed life. 

PROTOZOA THAT >L\KE THEIR HOMES 
LV OTHER ANlilALS 

Quite a number of protozoan species live as parasites in the bodies of 
other animals, both venebrate and invmefaraie. \Vc have already 
mentioned two .-fmoeha species parasitic on man. one dangerous and 
one harmless. The majority of the promzoa parasites apparently do 
their hosts no harm, but a few arc deadly, at lease to some of their 
hosts. 

Among these deadly parasites arc the spedes of Trypanosoma, 
one ol which, Tiyp<inojomit gatnbiense, causes the fatal African 
sleeping sickness in man. A slender little creature, it lives harmlessly 
in tbe blcx>d of .\Irian antelopes. ^Vhen the tsetse fly sucks the blood 
of an infested antelope, the trypanosome is transferred to the insect $ 
body. v»heie it multiplies rapi^y and peacefully in the insect's sali- 
'■ary juices. When tbe fly bites a man the trypanosomes enter his 
blood stream with the fly's saliva. There they wjeak great havoc. 
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fever, then entering the cerebrospinal fluid, causing loss of conscious- 
ness and death. 

Otlier species of Trypanosoma cause sickness and death in hones 
and cattle in Africa and Asia. They all lead complicated lives in a 
series of hosts and are conveyed to the domestic animals by flics. Spe- 
cies of a related genus, Leishmania, also cause some damage to man 
and other vertebrate animals. “Kala azar,** a human disease common 
in Asia Minor, is inflicted by Leishmania donovajtt. 

The Uiree malarial Protozoa, Plasmodium malariae, Plasmodium 
vivax, and i’/osmorfitim falcipantm, are credited with destroying as 
large a population os the atomic bomb now threatens. Fortunately, 
man lias been able, with the help of science, to arrest these deadly 
malaria Protozoa. 

THE HIGHEST TYPE OF PROTOZOA— CILIOPHORA 

This large group of some three thousand species presents an amazing 
variety of shapes and forms. Some are ball-shaped: some look like 
fishes, or eels. Some resemble bells: some, flowers or seed pods. Some 
look like miniature monsters. But all have one characteristic in com- 
mon-^ach one wears tiny, fine, hairlike structures, called cilia. Some 
are so thoroughly covered with cilia that they present a furry appear- 
ance. Ciliophora cannot pusfi parts of themselves out to make pseudo- 
pods as the amoebae do, but some of the species can vibrate their 
cilia rapidly enough to propel tliemseivcs through the water. A very 
few lose their cilia when they mature, but most species retain them 
throughout their lives. 

Ciliophora are the most highly organized of the Protozoa, for they 
possess a definite place for uking in food, and an exit for excre- 
ment. Their cilia may be highly specialized: some providing locomo- 
tion, some bringing food to die mouth, some protecting the animals 
from attack. Ciliophora live in salt and fresh water, in stagnant pools, 
and sluggish streams. At certain times most of them encase them- 
selves in a homy covering, so that they can live in dry places or be 
carried by the winds to new locations. 

The Protozoan That Looks Like a Slipper: Paramecium. Another pro- 
tozoan that you are almost sure to see in a drop of stagnant water is 
one of the slipper animalcules, probably Parajnecium caudalum. It is 
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larger than most of its companions, being about a quarter of a milli- 
meter in length, and shaped somewhat like a heel-less slipper, 
rounded at the front end and pointed at the back. Along the under 
surface it has a groove, called the buccal groose, corresponding to the 
mouth of higher animals. This leads to an opening, called the gullet, 
whicli ends within the protoplasmic interior of the animal. 



The surface of this Paramecium is covered with lengthwise rows 
of liny cilia. By vibrating iliese, the creature is not only able to travel, 
but also to use tliose along the buccal groove for bringing a constant 
supply of food to the gullet. 

When Uje animal is disturbed, it suddenly shoots out long, delicate 
threads. When it is at rest, these threads lie coiled, each in its own 
sac, a great many such sacs being imbedded in the animal’s surface. 
The Cone-shaped Protoioaa: Stentor. From plants in your aquarium, 
or from small, still ponds, you may be able to collect samples of the 
interesting Stentor polymorphus. This cone-shaped animal lives with 
its small end firmly fastened to the undenvater stem or leaf of a 
planu You may be able to see a Slentor with your unaided e^e, for 
they often grow to be more than one millimeter in length. Sometimes 
ilicy are green with Uie planu called algae, but usually tliey are color- 
less. 
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Under a iiii(roM»pe )ou wiH be able to see a row of scry fine cilia 
grooving around the edge of ihc animal's wide upper end. The 
vibrations of these cilia bring to tlie mouilt of the gullet, whidi is 
near one side of the upper end. all sorts of other animals small 
enough for 5lenlor to cat. 



SttNTOI-A VASE-SHASSe 
ANIMAICUIE 

UtMer itaKdi e> aMtMisn In 
lU t>«lt di»p el v«i*/. Sem* iltntNri or* 
U»« and tama era sratA. bol meny art 
iolarlaur a number are lar^e enaugh >a ba 
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In celenlni, artached la tame laird ebiecl. 
8vl many al Ibem <an lalm and, «har> ana 
daai, n caniracli IK funnelehaped bedy 


Tlie Cell with a Stem: Vorticella. Vorticella campanula is even more 
astounding than Sleulor. It fastens its short, bell-shaped body to a 
water plant by means of a long, slender stem, which it is able to 
stretch or contract. When the creature is feeding, this stem is ex> 
tended to iu utmost, and the body sways like a flower in the breeze. 
The animal vibrates die cilia around iu thickened edge rapidly in 
order to sweep the food witliin reach of its gullet. 

Perhaps you may see more than one of these long-stemmed beau- 
ties, a garden of them, under iJje Jens of your microscope, witli cilia 
vibrating as they sway. They do not move in unison; each individual 
sways to its own rhythm. But jar the microscope or tap the slide, and 
fear invades the little group. AU aaivity ceases insuntly. The stems 
are retracted, Uie cilia are stilled, and the Vorticellae lie close to the 
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The Sociable Cell: Zoolhamnium. Some of the Ciliophora live in true 
colonics* Instead of ead) anioial's atiacliin^ iu stem separately to some 
plant or oilier object, a number of indisiduals may be atuched to- 
geilicr as a branched, treclihe smidure. often of striding form. Zoo* 
ihamrtium exhibits this neighborly habit very beautifully- From a 
central trunk numerous branches fork out, sometimes dividing again- 
Dozens of little creatures nod and sw-ay from the ends of these 
branches. 

They live in fresh and in salt water, fastened to plants or to ani- 
mals. ZoothamniuTTi arbiucula is one that you may find on plants lO 
fresh water. Its colonies are someumes a quarter of an inch high- 


TIIE FIRST ANIMALS 1655 


Protozoan with a Snout: Didinium. A violent little Ciliophora, fa- 
miliarly known as the "water bear.” is Didtmum nasutum. It has a 
small, snoutlike apparatus which it can push out or pull in, and which 
is surrounded by a fringe of w'hiskcr-like cilia. It is not too common, 
but occasionally you may see one on your slide, rushing madly about, 
seeking a Paramecium, Finding one, it fastens its snout upon the vic- 
tim and pulls it bodily into iuelf. 

THE MANY-CELLED ANIM.VLS 

All the one-celled animals in the world are contained in the one 
phylum, the Protozoa. The many<ened animals, having much more 
material with whicli to work, developed in widely different directions, 
so that they form several piiyla. Neverilteless, they all surt life in die 
same fashion, as a singtecellcd egg. This cell divides again and again 
to form other cells, amounting to many millions in the higher ani- 
mals. Tlie new cells specialize, and in this way form the various or- 
gans and tissues that make up a body. 

An essential physical requirement for every animal is a place where 
it can hold and assimilate its food. So, from the lowest to die highest 
types, the maiiy-celled animal is basically a tube into which food can 
be taken and digested, and from which waste can be discliarged. This 
tube must have at least two layers, or coats, of cells, an inner layer to 
do the digestive work and an outer coat for protection. 

Between tlicse two layers arc the cells from which all the other ac- 
tivities of the animal will develop — the muscular system, the repro- 
ductive organs, systems lor obtaining oxygen and circulating blood, 
the organs of nervous control, and the orgaru of sense. The lower the 
animal, the less specialization in its cell composition and function, 
and die fewer and simpler its organs. 

We will examine the invertebrates in the order of Uieir complexity, 
as nearly as possible, beginning witli the simplest. Many of the 
phyla show an approximately equal degree of organization, however. 




The Sponges— 

Animals That Grow Like Plants 


T 

J.KE HUMBLE SPONCE with which you clean yourself or 
your car is the skeleton, or part of the skeleton, of a member of the 
odd and isolated Porifera phylum. Many phyla have members tliat 
resemble some in a lower group, but die sponges have no close rela- 
tives, It is supposed that they have developed from a group of Proto- 
zoa of which we know no examples: and none of the higher phyla 
appear to have evolved from the Porifera. 

Sponges are water animals and. except for one small, fresh-water 
family, are found in the sea. They tend to live fused together in 
colonies, where they look very much like plants or many-branched 
trees. 

The immature, or larval, sponge can swim about. In the course of 
lu swimming, it soon finds a rock, shell, or other firm base to v»hich it 
can attach itself. After it becomes adult it cannot move. An adult 
sponge has no tentacles or legs, no muscles, no respiratory organs, no 
sense organs. 

Mostspongcshaveacjlindricalbody. Pores or openings in the body 
wall admit water, whicli brings food and ox}gen to a central cavity. 
In fact, Porifera. the name of the phylum, means “pore bearers." A 
large opening at one end of the body lets out the vt ater and the waste 
the animal lus picked up. The sponge feeds on minute aniinab 
and plants. Betv»cen iu cavity and iu body wall lie gelatinous cells 
that arc able to abstract minerals from the sea water and to build up 
the skeletons wiUi v»hich ve arc familiar. 

Sponges are classified according to tiie composition of ilicir skele- 
tons. Some create skeletons of calcium carbonate; some of a beauti- 
ful, glassy silicate. Some use a nonglassy silicate combined with a 
1BS6 
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horny, fibrous material called spongiii. Others compose ilicir skeletons 
entirely of the elastic spongin, and furnish tlic commercial sponges 
that arc so useful. 

Some sponges, instead of being cylindrical or vase-shaped, are more 
or less flattened. These spread out on a supporting rock, much as tlie 
plants called lidiens might spread on a tree trunk. Otliers arc hemi- 
spherical in shape. 

All are alike in that they take water in tlirougli tlie pores of the 
outer surface, circulate it through tiie tubular $tTuclure of the sponge, 
and pass it out through one or more openings after the food has been 
absorbed from it. 

Scientists have described about three Uiousand species of sponges. 
The few that we Gnd in fresh water are rather small and insignificant. 
They have no commercial value, but are interesting to the studenL 

Look at the underside of a floating log or plank that has been in 
the water for some time, and you will probably see masses of tiie 
greenish Spongilla species. Turn the log back again after tl\e short 
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tiQie needed for your observations, for tlic sponge cannot live out of 
water. Other freslt-water sponges live on sunken logs, stones, and 
even on leaves lying on the bottom of some sltallow pooL 

We find most of the species, however, in tlie warmer sea waters, 
where the rocky bottom, providing firm bases, comes near to the sur- 
face, and where the ocean currents sweep over these rocks, bringing 
food. 


HOW ^VE USE SPONGES 

From the beginning of history, man has used sponges for many pur- 
poses. Undoubtedly, prehutoric man us^d them too. 

Tribes living close to the sea collected specimens that had drifted 
ashore and used tlieir surplus for barter with friendly inland tribes. 
The ancient Greeks used sponges not only for bathing and for scrub- 
bing their floors and furniture, but as padding in thdr shields and 
armor. The Romans used them as mops and as paint brushes. One of 
the unusual uses to which sponges were put in ancient times vvas as 
jinking cups. The sponge was clipped into liquid and then squeezed 
into die drinker s upturned mouth. Today, vv'c use sponges in many 
M’iys, washing cars, cleaning our homes, applying shoe polish, and 
even for patting on face cream (the tough spongin fibers wear better 
and feel better on the skin than rubber or plastic applicators). 

SPONGE FISHING, A FASCINATING INDUSTRY AND SPORT 

Millions of sponges arc sold annually, making sponge fishing a great 
industry in many places that border on the sea. One of die world's 
finest sponge-fishing grounds lies o8 die Florida coast, in the Gulf of 
Mexico. Tlic gathering of the high-quality bath sponges found here 
fumUhes a livelihood to many people. In this area. Tarpon Springs, 
Fix, is die main port for the sponge-fishing boats from which divers 
descend to cut the sponges from ihcir rocky bases. 

The living batli sponge, when brought up from the bottom of the 
sex flat a dark, leathery covering. When cut open, it looks like a 
piece of raw liver. Tlic spongin fibers arc invisible in this mass of 
slimy protoplasm that bears not the slightest resemblance to the fin- 
ished bath sponge. 

Ai soon as die sponges are received on board, they are given a pre- 
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liminary cleaning to remove rough dirt, then hung from the boat's 
rigging until Uic protoplasm decays. A sponge boat upwind can 
be smelled for a considerable distance beyond its visibility. The ex- 
ploring scientist who goes out witli a sponge deet to study frcsli speci- 
mens is likely to find the odor of the decaying ones unbearable. 

^Vhen the boat docks, tlte sponges are washed and sorted accord- 
ing to their size and quality. Then they are strung on a cord for in- 
spection by Uie wholesaler. Before they are sold to the trade, the 
sponges are pounded with mallets to break up any solid material, 
such as shellfish, that may be buried inside. After a second slashing, 
they are trimmed to attractive shapes. Since the sponges are highly 
elastic, quantities of them can be pressed into compact bales for econ- 
omy in shipping. 

Sponge fishing is sometimes carried on in shallow waters, usually 
by two men, one who rows, and anoUrer who watches the bottom of 
the ocean through a water telescope. This contrivance is simply a 
bucket with the bottom replaced by a sheet of glass, or a tube of 
metal or svood with glass cemented in one end. When the fisherman 
spots a sponge lliat looks marketable, he pulls it from iu support 
with a book fastened to a long stick. 


HORNY SPONGES 

The bath sponges and most others of commercial value belong in 
a group called horny sponges because of the horny consistency of 
their spongin skeleton. One of these, called the Elephant-ear Spotige, 
although it is shaped more like a broad-mouthed urn, makes its home 
in the Mediterranean Sea. A very large sponge, it is cut into several 
pieces for marketing. It is used for many purposes, but particularly 
in the pottery trades. 


CALCAREOUS SPONGES 

Of the three thousand spedes of sponges, the majority have no com- 
mercial value because their skeletons are of hard consistency, being 
made up of calcareous or silidous little spikes instead of ifie elastic 
spongin. Calcareous sponges, which might be best defined as hard- 
shelled, limey sponges, are of various sliapes and are often attached 
to piles or wliarves. Frequently, several species will be found growing' 
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togcihcr. Many arc small and bristle uith I'alcarcotis deposits. They 
arc the most common 5|K)ngc$ in temperate sea waters. 

Sycojj cilialum, wtiicli inaLcs its bonic in cooler svaters, consists of 
stubby, finger-like protuberances standing erect on a heavier base. 
Older specimens frequently look like a cluster of hands, witJi the fin- 
gers all pointing upward. There are many other species of 5)con scat- 
tered throughout the salt waters of the world. 


SILICIOUS SPONGES 

The silicious sponges, wlucli we might in everyday language call 
sandy sponges, are also numerous in sporici. They are not useful, but 
many are breatli-uking to see. Perhaps the most beautiful are tlic 
Venus Flower Baskets of the genus Eupleclella. Tliese are cylindrical 
tubes, six to twelve Inches tong, and about one to two inches in diam- 
eter. Beautiful to look at, they are unpleasant to handle, for, even 
iltrough Uie surrounding protoplasmic material, the supporting spike- 
leu can be felt, slightly pricking the fingers. 

Tlie remarkable beauty of this sponge is revealed only when the 
protoplasmic material has been removed and Ute skeleton washed. 
Gleaming white, the delicate filigree tracery appears so fragile that 
one fean to toudj it These sponges are extraordinarily strong, how- 
ever, for nearly perfect ones are sometimes washed up on the beaches, 
although one would think they might be pounded to bits by the 
waves before reaching shore. 

Another genus of the glassy silicious spicules, Staurocalyplus, is 
usually urn-shaped. Protruding through the protoplasmic substance in 
some speaes are long, fine filamenu of glass. The genus MicrocioM 
has numerous. finger-Iikc elongations arising from one or more mmk- 
like bases. 




Hydras, Jellyfishes, Sea Anemones, 
and Corals— Weird and Beautiful 


T 

liiE COJXEN’TERATA arc a colorful group of water-dwelling 
animals. Of the ten liiousand species, some live in colonies, some as 
free-swimming individuals. In all species, ibe inouih >s in ilte center, 
and Uie body is arranged syinmeirically around Uie mouth. 

The coclciueratcs diifer from the sponges in having no pores in 
their bodies. They do, however, possess a central body cavity of some 
sort, and it is from this cavity Utat the phylum receives its name. 
Coelenterata comes fexim two meaningfui words of andenc origin, 
cod, meaning “hollow,” and enUron, meaning ''intestine." and re- 
ferring to die central cavity. This cavity, which serves as the stomach, 
has only one opening to the outside. Through this opening the ani- 
mal takes in water bearing food. Tlie water is drcnlated. so that the 
food may be gatliered, not as in the sponges by means of ciliated 
cells, but usually tiiroiigh the pulsating action, or tlte waving, of the 
tentacles surrounding the moulh. 

The species vary in sire from organisms so tiny they are scarcely 
visible, to some larger organisms of comiderable size. Some of tlie 
groups secrete carbonate of lime, a hard substance, which forms a 
supporting skeleton. These are the Stony Corals. Others have a horny 
secretion and are sometimes called die Black Corals. When the ani- 
mal dies, its skeleton is left as a rocklike moss on which other coral 
animals continue to live and build. 

Four classes make up the Coclenterata: fresh-water polyps, or Hy- 
drariae. and some of die jellyfislies (Hydiozoa), large jellyfishes (Scy- 
phozoa), sea anemones and stony corals (Antliozoa), and the jellyfishes 
known as comb jellies (Ctenophora)- 

IC61 
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HYDRAS AND A FE^V JELLYFISHES 

The Frcsh-waler Hjdra, Hydra, u one of tlie simplest forms of die 
class called Hydrozoa. You will sometimes find it in abundance in 
roadside ditclics and small stagnant pools. Sometimes, however, )OU 
can look in all the usual places witliout finding any. 

Tlie hydra is a little creature about half an indi high. It coiuists of 
a tiny stem from the top of which reach out six tentacles, which can 
be extended for a moderate distance or pulled in close to the stem 
at the will of tlie animal. An opening, centrally located at the bases 
of these tentacles, and leading into the interior of the stem, serves as 
the mouth. The stem is atiaciied to a firm base by means of a sticky 
substance. The attachment is not permanenL for the hydra frequendy 
wishes to move, and does so by simply detachiog itself and floating 
off. 

The hydra has an amusing way of traveling, It goes places by means 
of a series of somersaults, and looks very much like a small boy turn- 
ing handsprings. It is aided in these somersaults by its tentacles, 
which act like hands. Reaching a favorable new location, the hjdra 
again attaches itself to a base, expands its tentacles, and waits for a 
passing morsel in the shape of a smaller animal. The unsuspecting 
victim, toudiing one of the tentacles, is stunned by the tiny, poisonous 
threads which shoot out from cells along these icnudes. The hydra 
then closes its tentacles upon ihc helpless victim, using them to work 
the animal toward its waiting mouth. 

If you w'atch a hydra with the aid of a lens, and happen to be for- 
tunate, you will see a bulge forming on the side of its stem. The 
bulge develops, becoming larger and larger, until it appears to be a 
little hydra. And that is exactly what this growth is. The bud soon 
separates from its parent and swims off on its own, an entirely new 
creature. This fascinating litde drama is called reproduction by bud- 
ding. The hydra also reproduces by means of eggs, which, when ripe, 
are expelled from the side of its stem. When fertilized by a swiin- 
ming sperm from another hydra, the egg develops into a new creature. 

The name hydra, which is actually no more than the old Greek 
word for water serpent," was given to this anim al because of its 
ability to replace parts which may become injured. This name goes 
all the way back to the ancient Greek myth about a great serpentine 
monster, the Hydra, which bad nine heads. \Vhen one of its heads 
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was cut off, two new ones immediately grew in iu place. Evcnttially, 
die monster was slain by Hercules. 

TJie little frcsli-water lijtlrais of our rcal-bTc world come in several 
colors. Green ones usually belong to the genus C/doro/jjdra. Their 
green color is largely caused by algae in the outer part of the body. 
Brown hydras belong to die gemu Pebnaiohydra, and the pinkish 
species to Hydra proper. 



rSESH.WATER HYDRAS TRAVIS SY SOMERSAUIYS 
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Obelia is a close relative of the hydra. It is, in fact, a hydroid 
colony, or group of hydra-like animals living togedier and forming 
minute treelike structures. They appear as a filmy, oceanic growth 
on old logs or debris, branching and spreading and reaching heights 
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of less than an inrli in some sperirs. ulittc in oihcis, a foot may be 
the maximum size. Obelta reproduces mainly by budding. 

The Portuguese Maii-of>war, Ph^salia pehpea, or one of its dose rcia* 
Uses, is a startling sight for the ocean trascicr uho visits tlie wanner 
seas or die Gulf Stream for the first time. To see a flotilla of these 
purple balloons sailing on the sea far from land is an experience 
long to be remembered. Suddenly, at the approach of a ship, they 
may sinl. below the tvates and disappear, to arise again at a later 
time. The animal, or perhaps tve should say animals, for the Portu- 
guese man-of-war is also a hydroid colony, can deflate die balloon ap- 
paratus through a vahe in the top. or inflate it by means of a self- 
generated gas. 

This six-inch balloon, or bladder, as it may be called, is only part 
of dlls colorful animal, for streaming down from its underside are 
masses of fine tentacles. Some arc quite short, odiers may reach a 
length of forty feet or more. They may streidi out straight or retract 
wd coil up like a wire spring. Situated along the lenudes are sting- 
ing cells which can hurt you as badly as die sting of any bee or wasp. 
Swimmers coming in conua with e\en a single thread of these traU- 
ing streamers suAct indescribable agony. Whotrv er a tentade touches 
human flesh, a red wdl is raised like that left by die lash of a whip. 

The animal secures its food by means of these paralyzing, sling- 
ing cclb, easily killing fish of considerable size. Strange to say, a few 
^-dwelling animals have been able to adapt ihemsdies to the sting- 
ing cells, and live happily amid the tcniadcs, protected from their 
enemies. 

Portuguese men-of-war arc carried north by the Gulf Stream and 
arc frequenUy washed ashore along the Atlandc coast of the United 
States. The beaches of Florida arc often covered with them. The gas- 
fiUed balloons quickly dry in the hot sun. and. if stepped on when 
dry, explode with a loud pop. much to the ddight of small boys, as 
well as some of the larger ones. But beware of the purplish tentacles 
along the sands, for even after the animal ij the tentades 

reuin their netding properties for a considerable time. There arc a 
number of other Coelenterau that have infiauble bladders, but 
none as spectacular as the Portuguese man-of-war. 

Velella lata is a dose relative. It is much smaller, and its tentades 
are much shoner. Unlike the Portuguese man-of-war, it does not have 
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a large bladder. It looks very much like a small, dark-blue boat rvilJi 
a clear, transparent sail to drive it along before the wind, over the wide 
waters of the Pacific, from Vancouver, Canada, to Central America. 
Velella mutica, another near relative, makes its home along the 
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Atlantic coast. Nautical folk frequently refer to the members of this 
genus as “by-the-tsind sailors,” because they are altrays sailing before 
the wind. 


JELLYTISHES 

The Many-tentacled Jellyfish, Zygodactyh groenlandica, is one of the 
familiar jellyfishes seen along the Atlantic coast. It ranges from 
Greenland to the CaroUnas. The circular mass of jelly-like material 
reaches a maximum diameter of about five indies. The is 
slightly depressed in the center. About the edge and trailing down- 
ward are approximately one hundred tentacles ready to bring food 
into the animal's stomach. The stomach itself is a large tube, frilled 
around the edge, and extending downward from the center of the 
medusa, or jelly cap. This mouth can be seen distinctly through the 
transparent jelly from above and serves as a quick means for identi* 
f)'lng this species. 

Tlie genus comprises only one species. Northern specimens are 
transparent, but those in southern waters are tinted pink. Because 
of its numerous tentacles, some authors have named this animal the 
many-teniaded jellyfish. 

The Flat Jellyfish, Aequorea tenuis, fa a small species, scarcely tw-o 
inches in diameter, with a Oat umbrella. It also has many tentadcs. 
eighty or more in number, but, since they are very fine, and the crea- 
ture fa small, they arc hardly disceraibic. Although not common, 
this jellyfish may be seen in late summer along Long Island Sound. 

Aequorea albida fa found along the New England coast, also around 
Alas^ and wcsiem Canada. Other species of the genus occur in the 
Mediterranean and Japanese seas, as well as in other waters of the 
world. When disturbed, many species of Aequorea show a lumines- 
cence from the base of their tentacles. 


LARGE JELLYFISHES 

Most abundant of the jellyfishes are those belonging to class Scypho- 
zoa. Tliis class, altliough rids in individuals, contains only about tv‘0 
hundn^ species. Tliey are generally larger in size ilian those of the 
preceding cl ass. Each one has four large reproductive organs, called 
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gonads, arranged like a four-leaf clover in the center of its umbrella. 
These are very conspicuous, and often brightly colored. 

The Common, or Moon, Jellyfish, Aurelia aurita, is undoubtedly 
the most abundant and widely distributed of tlie jellyfishes. That is 
wliy it is so popularly known as the common jellyfish. Its other name, 
moon jellyfisli, it oives to its round, moonlike shape. From May to 
July, swarms of these jellyfishes float just below llic Surface in almost 
any backwater arm of the Atlantic and Pacific coasts. In early spring, 
tlicy start life as tiny blobs of jelly. By midsummer, they have reached 
their maximum size of eight or ten inches. At tin's time, tvhen ma- 
ture, the gonads turn pink. Earlier, they are black, and are conspicu- 
ous as four circles sharply outlined in the white or blue-white of the 
jelly umbrella. These jellyfishes move laboriously by jerking pulsa- 
tions as they alternately expand and contract this umbrella. 

TIte Sea Blubber, Cyanea capillata, is our largest jellyfish. Aliliough 
it is usually a foot or less in diameter, some are sbe or seven feet 
across. From its underside eiglit groups of tentacles stream out. In 
the larger sea blubbers, these may reach a length of thirty or forty 
feet, and are capable of paralyzing a swimmer. Widely distributed up 
and down the Atlantic and Pacific coasts of America, this jellyfish 
can he a serious menace to bathers. It is frequently washed ashore, or 
left stranded by the retreating tide, remaining on the sand as a mass 
of jelly. Its jelly is thicker and more resistant than that of most jelly- 
fishes and, thus, persists longer. The color of its umbrella varies from 
light yellow to brown. Individuals are sometimes bright pink or 
purplish. This bright coloring has caused the name sun jelly to be 
applied to the species. 

Other I.arge Jellyfishes. Stomolophus meUagris, a small species about 
six or seven inches in diameter, is quite hemispherical in form. Brown 
in color, it resembles a large, cone-capped mushroom that has come 
to life and is swimming in the water. It lives in the warmer wateis of 
our Atlantic and Pacific coasts, 

RhopHema vcrrilli is also hemispherical and much larger in size. It 
frequently reaches a diameter of a foot or more. Although not com- 
mon, it flaunts a yellow color that makes it easily seen. It ranges from 
Long Island Sound souUurard into the wanner seas. Rhopilema es- 
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culcnta, oE eastern Asiatic waters, is the edible ]en)fis!i highly prized 
by the Chinese and Japanese. 

SEA ANEMONES AND STONY COR.VLS 

Unlike other Coelenterata, the sea anemones and stony corals (class 
Anthozoa) have no medusa form. They exist only as polyps which 
make up ilie colony formation of die complete animal. The six 
thousand species all agree in being ocean-dwelling animals, but many 
of them differ so radically in shape dut diey tvould scarcely seem to 
be related. Most of them arc fixed in place, and most have a skele- 
ton composed eidier of lime or of a hornlike material called ccra- 
tine. Most of the species are found in the rvarmer waters of the svorld. 

The Sea Fan, Gorgonia fUlb^Uum, is a colony secreting a skeleton of 
homy material, flat or fanlike in shape, tviih a single main sicni. 
The blade, perforated with numerous openings, may be as much as 
two feet in height. Sea tans are common in the shallow svaten of the 
^Vest Indies and the warmer Adantic Ocean regions. Yellow or red- 
dish in color, they were much sought after at one time as curiosities, 
or for decorative purposes. There are many other closely related spe- 
. cies, all of them having iheir charaaeristic forms. One, Corgonia 
accTosa, has tali, slender stems which are sometimes slightly branch- 
ing. 

The Red Coral, Corallium nobile, of the central and svestem Medi- 
terranean Sea, b the commercial red coral used so exiensiscly for 
jewelry a number of years ago, and now back in fashion. The colony, 
which reaches a height of about one foot, is profusely branching, and 
forms the very hard, slender twigs which, when broken, make the 
beads that are so familiar to everyone. Other species occur in the 
Adamic Ocean and in Japanese waters. These, however, are not used 
as extensively for jewelry as the typical red coral. 

*Yhe Yellowish Red Coral, Alcyonium cameum, is a curious relative 
of die red corab. Its graybh, limey skeleton u frequendy cast up on 
the shores from New York to the Gulf of St. LawTcncc. where it 
lives in waters ranging from low* tide to several hundred feet in 
deptli. It looks like a tiny, but hea\7. treelike growth, dirce to four 
indies tall. When alive, these animab vary in color from yellow to 
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red. Tlie Hide yellow polyps that build up the skeleton are like tiny 
stars on the stubby branches of the colony. The skeleton is too coarse 
in grain and dull in color, however, to have any commercial value. 

Penuatula aculeala is the most common of die Sea Feathers, which 
get their name from their feadier-like shape. They are seldom seen, 
for they inhabit the deeper waters, Gve hundred to three thousand 
feet off the eastern coast of North America. Only about four inches 
high, they are a deep red in color. Living in about tlic same depth 
of water off Nantucket and Newfoundland is Pettnalula grandu. It 
readies a height of fourteen inches, and its color is a beautiful orange. 

SZi\ ANEMONES 

We now come to the sea anemones, which number about a thousand 
species. Looking like a beautiful underwater flower, the sea anemone 
has numerous outspread tentades. usually brilliant in color, wliich 
radiate from the top of a supporting stalk. When disturbed, the ani- 
mal pulls in its icnudes and becomes a lumpy stump. 

The Broivn Anemone, MeltuUum dianthus, is the most common of 
the sea anemones and the largest among those found off die Adantic 
coast between North Carolina and Labrador. It is also found in Eu- 
ropean waters. Four inches high, witli a stalk nearly two and a half 
indies across, it spreads its yellowish tentacles like welcoming arms 
to any passing victim, in waters ranging from low tide to live hun- 
dred feet in depth. Tliis species has won its common name, brown 
anemone, because of die brownish color of die larger specimens. 

Sagartia luciae is a tiny, but beautifully colored, species. A slender 
creature, only half an inch high, it is light green, with about twelve 
vertical orange stripes on its body. From the top of its body radiate 
eighty-four tentades arranged in four rows. This pretty creature is 
common in shallow water among rocks or in tidal pools from Florida 
to the Gulf of St. Lawrence, and also on the Pacific coast of the 
United States. Other species of Sagartia, equally beautiful, are found 
in all tile waters of the world. 

STONY CORALS 

The stony corals are polyps whidi, sometimes singly, but usually in 
colonics, secrete a skeleton of calcareous material in the form of a cell 
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into whidi the poI}p can withdraw itself. Tlie mossing of these iionl, 
stony skeletons forms die corals with which ue are familbr. Tliose 
of the more temperate waters seldom result in die massixe structures, 
whole islands of coral rising above the surface of the sea. which spe- 
cies in the tropical waters build up. 
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ihey lie imbedded in tlic calcareous material. Tlie coral patch may 
be four or five inches in diameter and about one-quaricr of an inch 
thick, and is generally of a svWtuh color. This creature is often 
tvasiicd ashore from the shallow waters, tvhere it is cotnmon from 
Florida to New England. Another species is found on tlic Pacific coast. 
Tlie encrusting corals are svidcly distributed and invade the colder 
tvaiers of the tvorld. 

TJic genus PorUes includes some of the more conspicuous branch- 
ing corals. These are warm-water species, and are frequently reef- 
builders. Several species are common around Florida and in die West 
Indies. 

Other corals are the fungus, or mushroom, corals, which get their 
name from their rounded or muUirooin-like shape. Although the 
individuals are small, the resulting mass may be tremendous in sire. 

COMB JELLYFISHES 

The Ctenophora are very soft jellyfishes, usually spherical or cylin- 
drical in shape. Tfiey get their common name from tJieir eight length- 
wise rows of plaiclikc cilia, or “combs.” These are the organs of loco- 
motion, which, through tlieir waving, propel the organism dirough 
the surface waters of die seas. Although treated here as a class of the 
Coclenterata. the Ctenophora arc considered a separate phylum by 
many zoologists. 

The Common Comb Jellyfish, Mnemiopsis leidyi, is a colorless, nearly 
transparent jellyfish, three inches long and one inch in diameter. It 
is abundant from the New England coast southward to the Carolinas. 
Late in the summer, these jellyfishes soraetimes become so numerous 
in dse baJ; bays and inlets along die coast that the water feels thick 
and gelatinous to swimmers who venture in at this time. At night 
they glow beautifully with a phosphorescent blue light as diey swim 
slowly and sedately along. TTiis is especially true when the water is 
agitated by a passing boat or even by a hand swept through the water. 

A smaller species, Mnemiopsis gardeni, one and a half inches long, 
and a translucent blue in color, t$ found from Chesapeake Cay to 
Florida. 

The Sea Walnut, PieuTobrachia pUeus, is a small sphere of transpar- 
ent jelly less than one inch in diameter. Its notable features are two 
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cause of iu delicate, fctnlike gniutli. it has a loucr stem of orange, 
and upper pans of yellow, A number of years ago ilicre was consid- 
erable couimcicial activity in dredging up these growilii, drying them, 
then spraying them a bright green, and selling tlicm as Christmas 
dccorauons. In this form they acquired the name of "air fcm." 

L.VMP SHELLS 

AVhilc wandering along Uie coastal beaches of America, )ou fre- 
quently see, washed up on the sand, what appear to be tiny clain 
shells, about one-half inch long. A delicate yellow in color, they are 
tliin and translucent, so thin and fragile that it is difficull to find a 
perfect c.xamplc. Because of their shclMike appearance (and they 
have fooled many experts), they have been given tlie name "lamp 
shell.” Most of them belong to the genus Tcrebratulim. Closely re- 
lated to die Bryotoa, the lamp shells arc put in a separate phylum 
called BraduoiKKla ("having arms and feet"). 


Starfishes, Sea Urchins, and Their ICin 


Anyone who can walk along a sea beach, or at least any 
sea bead! not too close to the filth of our cities, has a fine opportunity 
to observe some members of the phylum Ecliinodermata, the "spiny- 
skmned" animals. Starfishes and sea uidiins glide imperceptibly oyer 
the sands at loiv tide. Occasionally, you can see a brittle star walking 
stildike on the tips of its points. Storms, especially along the wanner 
coasts, are sure to toss up on tlie beach lor your amazement feather 
stars, sea lilies, and sea cucumbers, from their deep-water homes. 

If you live inland, you can see collectioru of these animals in most 
museums, for ilicir calcareous shells or skeletons are easily preserved. 
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and a large collection is highly interesting from many points of view. 

Indeed, to get any over-all piaure of the Ecliinodermata phylum, 
you will need to see a large collection of its members. If you do, you 
will notice an important feature tlut the casual beach-walker would 
miss, namely, that tlie fivc-stdedncss. which is so obvious in the star- 
fish, is also present in a camouBaged, or imperfect, manner tlirough- 
out the whole phylum. 

Labels and cliaru in the museum will inform you of the great 
geological age of tlie Echinodermau, and of the great nuntber of ex- 
tinct species that have been found. This is a group that at an early 
period diveiged markedly from die odier groups, and then evolved 
along a line all its own. In having few oinnccting links with other 
animal life, the Echinodermata are like die sponges. 

The phylum readily divides into five main divisions or classes: As- 
teroidea, comprising die starfishes; Ediinoidea, the sea urchins; 
Ophiuroidea, the brittle stars: Crlnoidea, die feather stars and sea 
lilies: and Holothurioidca, the sea cucumbers. 

Over five diousand species are known. They inhabit all of our seas 
and oceans, except die very coldest, widi most of the species prefer- 
ring the warmer waters. 


STARFISHES-NOT FISHES AT ALL 

Some persons have labored to establish the term “sea stars” for these 
creatures, and there is no doubt that it is an apter name. But, al- 
though they are not fishes in any sense of the word, the term “star- 
fishes" has been used so tong tliat it is impossible to change it now. 

Most of die many species of diis group (class Asteroidca) are 
plentiful along the coast of the United States and Europe. During 
high tide, they travel up the beach and dien are left stranded, to die 
in die sun as the tide retreats. Rocky tidal pools are good places to 
observe diem, for, frequendy, dozens, representing a number of spe- 
cies, will be left in one of tfiese miniature seas. If tfiey are fortunate 
and die pool does not dry up, the returning tide will allow diem to 
travel on and perhaps get back into deeper water. 

The five-pointed body is characteristic of most of the starfishes. 
A few have six points, however, and others have as many as ten, or 
more, points. In some, the space between the points is filled in, mak- 
ing a nearly perfect pentagon. The upper surface of a starfisli is 
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co\cred with blunt spines. Near the junction of of the points, or 
arms, as they are called, is a porous plate called the siesc plate. 
Through this plate, water enters the ring canal, then flows into the 
five, or more, radial canals that extend out into the arms. .Tlic 
underside of caclt arm is fltied with uicLerdike processes, called am- 
pullae, or tube-feet, whicli are moved by die hydraulic action of tht 
circulating water. 
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will He quiedy, as if ii liad no idea wliat to do. Then, with scarcely 
any peircptiblc mf)\cmcnt. one arm, sometimes more, will curve 
backward until the tip touches the ground. Curving more and more, 
it presses flatter and flatter to Uie ground. Another arm follows in a 
similar manner. Meanwhile, tlie arms on ilte other side are curving 
higher and higher. The creature is now almost on edge. A little 
more now, the balance swings to the other side, and the starlish flops 
over, right side up. 

This ability to turn over U not the only accomplbhmcnt of the 
starfish, for It is a remarkably versatile creature. It is able to squeeze 
through a crevice no wider ilian one of its arms. With one arm lead- 
ing the way, the creature will elongate the remainder of its body and 
drag itself through the narrow opening. The starlish also has the 
peculiar habit of raising its body from Uie ground and standing on 
the tips of iu arms, as if preparing to trip olT to a dance. 

IMPATIENT EATERS 

The mouth of die starfish is on its ventral, or bottom, side, in the 
center, at die spot where the arms meet. A sur/ish feeds largely on 
slielllish, and it shows a special preference for clams and oysters. Al- 
though the starfish moves slowly, the clam is mucli slower in plowing 
througli the mud, and the starfish soon overtakes it. 

The starfish is an impatient eater and swallows small shellfish and 
mollusks whole. Absorbing the edible parts, it evacuates the hard, 
indigestible remains through iu mouth. It uses Its arms to deal with 
larger clams, encircling them and altacliing its sucker-like ampullae 
firmly to the smooth surface of the clamshell. Then, with steadily in- 
creasing force, the starfish begins to pull the two shells apart. Eventu- 
ally, even the biggest mussels, which can resist larger and stronger 
creatures, give way before this continuous pressure and slowly open. 
The starfish then literally turns iu stomadi inside out and extends 
it into the shell, surrounding and devouring the body of the clam. 

When starfishes invade oyster beds, they cause a tremendous 
amount of destruction. The oyster fishermen of a few generations 
back thought they were wreaking vengeance on their enemy ivhcn 
they tore a captured starfish in two and tossed the paru back into 
the ocean. It remained for the research scientist to discover that, in- 
stead of destroying this pest, the fishermen were helping to increase 
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its numbers, for a starfish can rcgciieraie all its missing parts, and 
may even regenerate an entire animal from a single arm. 

The Common Starltsh, Aslerias vulgaris, is also called die purple 
starfish because of its deep violet color. TIic sieve plate, or madre- 
porite, is yellow or gray. This species is common along the New 
England coasL Some grow to the diameter of a foot or more. 

Forbes’s Starfish, Aslerias forbesi, replaces vulgaris farther south along 
die Atlantic seaboard. It is greenish, tvidi a bright-orange sieve plate. 
At the tip of each arm is a red cyespot. Its arms and body are more 
convex, or arched, than those of vulgaris, which tends to be flattish. 
A full-grown adult is seldom over six inches across. 

Tlie Scarlet Starfish, Hippasteria pharypana, is bright scarlet in 
color when alive. Aldiough not much over eight indies in diameter, 
it is a very convex and heavy species, for it has short, stocky arms and 
a large centnl region. This spedes lives in rather deep water, and is 
seldom seen along die beach, except after a violent storm which has 
stirred the ocean to its depths. 

The Common Sun Star, Crossaster papposus, is quickly identified bv 
iu many short, thick arms. These arms may vary in number from 
eight to fourteen. Nearly six inches in diameter, it is of a rich, purple 
color that becomes lighter toward the center. It lives in shallow wa- 
ter, as well as in the deeper parts of the sea. The Padfic coast is die 
home of a number of similar species, such as the sunflower star and 
Dawson’s sun star. 

Other Starfish. From the thick-armed spedes we go to the slender- 
armed. The Common Slender Starfish, Leptasterias tenera, is one of 
these. Only about three inches across, it varies in color from gray to 
violet. The Red Slender Starfish. Hextricia sanguinolenla, is also a 
common spedes in shallow waters and varies from yellow to a reddish 
color. It has a sraooiher surface than that of Leptasterias tenera. A 
species, Henricia laemuscula, is common on the Pacific 
T^ slenderness of the arms reaches its maximum in the 
Ophiuroidea, or brittle stars, which we will meet later. 
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SEA URCHINS, SAND DOLLVRS, .VND SEA EGGS 

Quite diilerent in shape from the starfis!ie$ are the members of tliis 
group (class Echinuidea). They are without arms, and they are 
round, disk-like, or hemispherical. Their surface is thickly covered 
with numerous rather sharp spines. They look much like pin cush- 
ions, except tltat their pins are pointed outward. In some species, the 
spines are quite small; in otliers, very large. The spines are movable, 
being hinged on a sort of ball-and-socket base in the skinlike cov- 
ering of tire calcareous plates which make up the skeleton. They arc 
concentrated in tlie five areas that compose the five-part arrangement 
so notable in the surfish. In some species, the spines are poisonous. 
The Common Sea Urdiin, Arbacia punclulala, is also called the pur- 
ple urchin, because of its putplisli or violet color. In some, it may be 
a deep purplish-red. The sea urchin is about one and three-quarters 
indies in diameter, and ilnckly covered witli three-quarter-inch 
spines. When tlie animal dies, iu spines soon drop oE Tliis occurs 
because of the disintegration of the outer skin, in which they are im- 
bedded. It is for this reason that you rarely find a perfect shell or 
skeleton of a sea urchin on the beach. Living members of this species 
may be found on the shore from the low-tide mark to depths of six 
hundred or seven hundred feet. Tlie sea urchin ranges along the 
Atlantic coast, from the New England states to Yucatan. Other spe- 
cies are found in all the waters of the world. In many places, sea 
urchins are eaten and considered quite a delicacy. In European 
countries, particularly those along the Mediterranean, hundreds of 
thousands of these sea animals are consumed annually. They are also 
sold in many of tlie fish markets of New York, as well as in other 
cities tiiat contain immigrants from souUiem Europe. Naturally, 
they are a common food of many oceanic animals. 

The Sand Dollar, Echinarachnim panna, is a familiar object along 
the sea coasts of tfie United States. The specimens cast up on beaches 
are usually only the lime skeleton, a gray-white disk, three inches, or 
less, in diameter. The softer coat and very minute spines with which 
the sand dohar is covered have ail been worn away. Alive, it is pur- 
plish, mottled with gray. This mottling gives it the appearance of 
a five-petaled flower on a mosaic of tiles. Because of its Jack of flesh 
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and considerable quantity of calcareous materia}, serf fess' marine 
animaU feed upon it. 

On the Atlantic coast, the sand dollar is found from Delaware 
northward, and on the Pacific, from Vancouver Island soutltward for 
a considerable distance. Other species replace it on the sarious 
beaches of the world. The sand dollars arc also referred to as ‘sea 
cookies.” 


BRITTLE STARS 

The brittle stars (class Ophturoidea) look like strange starfishes. 
They lia\e a very small central, or body region, but exceedingly long, 
slender arms. More than a iliousand species are known, and some of 
these occur in all the waters of tlie world, except the scry coldest 
ones. Most of the species prefer the deeper watos, although a few 
are a]wa)s found in the shallotver places. 

Tlie Green Serpent Star, Ophiodermtt bmuptnum, is the most 
common species of brittle star along the Atlantic seaboard, ranging 
from the New England states southward nearly to Florida. It varies 
in color from green to brown. 


FEATHER STARS 

The feather star (class Crinoidca) is like a starfish or a brittle star 
turned upside down. lu mouth is in the center, and iu five ^tms 
readi out into the surrounding water ready to grasp any passing prey- 
Each arm divides near the baW, so that Uie animal actually appears 
to have ten arms. Tlie arms are fcaihcr-like and very flexible. By si* 
lematcly flexing and extending tlicse feathery arms, the animal swims 
through die water. IVhen is wishes to rest, it andiors itself by coils 
of slender appendages located on the side opposite the mouth. Some 
feadier stars possess a distinct stalk, nuking them appear like beau- 
tiful, white flowers waving in the water. Tlte name '"sea lily " has been 
applied to these. 


SE.V CUCUMBERS 

Sea exteumbers dillcr from all the otlier cehtnoJerms in that their 
bodies ate scry large in proportion to tl»e length of their tentacles- 
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The sea cucumber’s body Is orrasionally roundish, bul is mure fre- 
quently elongated ami curved, being mucli like a cucumber in shape. 

Although sea cucumbers are not eaten as a substitute for cucum- 
bers, many do serve as an important article of food. The well-known 
bSche-de-mer of eastern Asia, the Malay Archipelago, Australia, and 
a few oilier places is made from sea cucumbers, or, as they are also 
sometimes called, sea caterpillars. The sea cucumbers arc cooked in 
sea water and tlien dried. Before being eaten, they are boiled again; 
they are frequently used in soup. The Chinese call the dried product 
‘‘trepang.” Oilier specimens of sea cucumbers could be used as food 
by the people of various countries, for some of them would make 
excellent cliowders, and a number are good substitutes for lobster. 

At one end of its body the sea cucumber has a rosette, or whorl, of 
short, fleshy tentacles which clasp any passing food. Tills animal is 
usually more selective in its choice of morsels than the starflsh. or 
some of tlie other echinoderms. Sea cucumbers move slowly along the 
bottom of the ocean, aided by their tentacles. Most of the lime, how- 
ever, they lie buried in the mud, with only ilie branching tentacles 
exposed. They are members of class Holothurioidea. 

Cuntmaria frondosa, a very common sea cucumber along the New 
England coast, also appears along parts of the European coast. It oc- 
curs from the low-water mark to the depth of a thousand or more 
feet. The color of its body varies from reddish.brown to dark-violet, 
and is somewhat lighter along one side. AlUiougli occasionally 
rounded in shape, this species is usually elongated and may reach a 
length of ten inches and a diameter of five inches. 

Slichopus and Lepiosynapta are two genera that have more elon- 
gated species. These various species range in size from a few inches to 
two feet or more. Some are so transparent that they resemble fragile 
blown glass. Others are colored a brilliant red or brown. 
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Maa’s Deadly Enemies 
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liiz ROUNDWORMS, OF thteadwonns, comprise some three 
thousand species. Members of ph>Iutn Nematiielminthes ("ilircad 
worms’), they arc slender, unsc^enicd animals without ciU* o*" 
paired appendages, and, therefore, cannot be confused with tlie true 
svorms or annelids. Most of them are parasites on many species of 
higher animals. Some destroy plants or plant products; the Golden 
Nematode, for ex a m ple, Is a pest to potatoes, but majjy other round- 
worms are saluable in reducing dead animal and plant material to a 
condition suitable for re-use by plants and animals. 

The Hair Snake, Gordius linealm, is familbr to almost every farm 
boy and to otliers who liase looked into shallow pools for what tlief 
might find. Hain^orms, as these creatures are also sometimes called, 
arc two feet or o\cr in length, and very, scry slender. Reddish, or 
dark brown, in color, they suggest a hair, and for a long time it svas 
a popular superstition (which, in many places, still persists) that these 
slender animals were snakes or worms uamformed from horse hairs 
that had fallen into water. 

^ widespread and so Gnnly fixed in the popular imagination ssas 
thu id^ that escry summer horses would have to sacrifice some 
tail hairs to small bojs. who put them into a bottle of water and 
exposed them to the sun. hoping to see them transformed into hair 
snakes. Perhaps one reason for the universal acceptance of this idea 
was the faa that hair snakes were frequently found in the water of 
horses* drinking troughs. 

Hair snakes may also be found in the bodies of insecu. mainly 
passhoppers and some of the water insects, the last-named being the 
favonie hosts. One wonders how one of these \oa<^ hair snakes could 
1682 
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possibly be contained in die body of a grasshopper, but there it is, 
tightly coiled like tlie “Gordian knot," from which it gets its generic 
name. In the grasshopper's body it develops from one of the tiny 
larvae which the insect lias swallowed. When full grown, it leaves tlie 
insect to get back into the water to lay its eggs, and hair snakes arc 
most frequently seen at this time. 

The autlior has often collected grasshoppers which had one or more 
inches of a hair snake trailing out from a tiny opening in die abdo- 
men. Taking hold of this projecting portion widi tweezers and pull 
ing slowly and steadily, he has been able to extract the entire hair 
snake. After die hair snake leaves it, the host dies, although it may 
have been quite active up to a few minutes earlier. 

If die hair snake is fortunate and leaves its host at, or near, water, 
it then deposits iu eggs in die water or a damp place. The eggs are 
in fine strings, sometimes six to eight feet long, and number into the 
millions. Their tremendous number accounu for the survival of the 
species, since perliaps only one or two of the little larvae developing 
from one string will ever be swallowed by an insect. Should the in* 
fested insect be eaten by fish, bird, or other Insect. Gordius will de- 
velop in this new host. 


ROUNDWORMS THAT CARRY DISEASE 

Roundworms are everywhere. Trichinae, which are paiasitic in the 
fiesh of numerous animals (including man), cause the sometimes 
fatal disease of trichinosis. The Whipworm, Trichocephalus, is 
thought sometimes to complicate appendicitis and even typhoid fever. 
Tlie Hookworm, Necator americanus, is perhaps the most serious 
parasite menace facing man in North America. Probably two million 
people in the soudiern states of die United States suffer from the 
effects of diis nematode, and even greater numbers in other parts of 
the world are attacked by it. Trouble from hookworms is most prev* 
alent in the warmer climates, where tlie poor do not wear shoes. 

An animal infected with hookworms evacuates the hookworm eggs 
with its own excretions. These e^ liatdi into Hide larvae which live 
in damp earth or water until they can meet another host. Tliey ac- 
complish this meeting in several ways. They are swallowed with dirty 
water, with food that has been handled by dirty hands, or on vegeta- 
bles grown in contaminated soil. Tliey also enter dirough the skin. 
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Thu last method u the most common, and happens when bare feet 
or other parts of the body rest in infested soil. From the skin, the 
little lars'ae follow the blood stream, traseling to the heart, lungs, 
throat, and the small intestine. 

Many species of nematodes atuck useful or ornamenul planu. 
sometimes causing great destruction. Otiiers, like the Vinegar ^Vonn, 
wiggle about in the food ue cat. Fortunately for our appetites, they 
are small, and we cannot see them without a strong microscope. 


Tapeworms and Other Flalwomis 


il unxE MICHES OP the scale of animal development 
comes the group known as the Platyhelminihes ("flat worms"). Flat* 
worm is a good name for these creatures, because they axe all more 
or less flan The more than 6,500 species in this phylum are iddely 
distributed throughout die svorld. 

The phylum is divided into three classes: free-living, or true, flat- 
worms (Turbellaria): flukes, which arc parasitic animals (Trematoda); 
and tapestorms. which are also parasitic (Cestoda). 


PIANARIANS-THEY HAVE TRACES OF EYES 

One of the most common and familiar of the true flatworms is 
naria. a litde wormlike creature that every student of invertebrate 
zoology has met face to face. It is a flat, brownish worm about half an 
indi long. A dminct head, forming the front, or anterior, end, and a 
tail, or pcsterior, end disunguish it as being more advanced than any 
of the invertebrates we have met so far. As it moves, one surface of 
lu body remains upward and is the back, or dorsal, surface, while the 
other, usually somewhat lighter in color, remains dov*-nward and is 
the belly, or ventral, part. 




TAPEWORMS AND OTHER FLAnVORMS J683 


Two darL spots on tliis creaiiirc's licat] nrc sensitive (o Tlic 
two spots arc among the first (races of eyes to appear ui llic lower 
animals. 

We notice also that one side of the animal is similar to die other 
side. Tliis is the first example of “bilateral symmetry" in die evolu- 
tion of animal forms. 

Tlie Planaria gets about on the large number of cilia that cover its 
ventral side. As the cilia vibrate, a mucous materia! Is disdiargcd 
from the body, forming a slimy pathway along whidi the planarian 
glides. Disturb the creature, however, and it swims hurriedly away, 
giving a scries of flapping waves of its body. 

Planaria are seldom seen, alibougb there arc many species and they 
arc found In most streams and waterways, crawling among the vege- 
tation. If a piece of meat is placed in tlic water, however, diey will 
soon gather in numbers from all the surrminding regions to enjoy 
the banquet. At sudi a time it is c.asy to see how they received their 
dass name Turbellaria, a name composed principally of a Latin 
word lurbella, meaning ■little crowd," for when pJanariam are abun- 
dant the water takes on a disturbed appearance because of the mu- 
cous secretions which they give off. 


TRE.MATODES OR FLUKES 

The Tremaioda, or ilukcs, arc parasitic, either internally or exter- 
nally, on many different species of higher animals. Flattened, they 
are much like the planarians. except that they possess two or more 
suckers for auadiing and feeding upon Uicir hosts. The name lluke, 
anotlier nante for the fiounder, has been given them on the basis of 
this Qatlcned appearance and Uieir sligfu resemblance to the bottom- 
feeding flounder. 

These creatures comprise a large group, whose members you will 
seldom see unless you look for them. 

THE TAPEWORMS 

Perhaps the most important members of the Platyhelminthes are the 
cesiodes, or tapeworms. They, too, arc seldom seen but are present 
everywhere. Tapeworms are iotemally parasitic upon vertebrate ani- 
mals. Sectional animals, with a distinct head, tliey possess a sucker- 
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like process by means of svhicli they acquire their food and cUng to 
their hosts. The sectional pieces frequently break off and pass out of 
the host animals. These sections are capable of reproducing; there- 
fore. any parts swallowed by an unwitting animal may readily start a 
new infestation of the worms. 

A number of species of tapewomu are parasitic in man. Most com- 
mon of these are Taenia iaginata and Taenia solium. Both occur in 
Europe and North America. The first is called the Beef, or Ox, 
Tapeworm because it develops in the flesh of cattle, from which man 
acquires it by eating raw. or poorly cooked, mcaL Although tlie pres- 
ence of the tapeworm seldom proses fatal, tlie animal svill reduce 
its host to a condition in svhtch otlier diseases or troubles svill de- 
velop. This species frequently reaches a Jcngili of thirty feet or more, 
with over a thousand seaions. Solium, a somewhat similar species, 
occurs in the muscles of ssvine, and is acquired by man largely 
through eating badly cooked pork. 


The True Worms — Among Earth’s 
Most Important Creatures 


I10R.MS are simple, commonplace creatures to most of us. 
and we think of them mainly in omnection with fishing, as a rule. 
Such an impression is grossly unfair to the true worms or annelids, in- 
cluding the humble earthwonn. Small they certainly are. but they 
play an enormous role in the natural scheme of things. Our earth 
would be a far different place without them. 

Examine a true worm closely and jx>u will see it is a long, seg- 
mented animal having a head and digestive tract, and. sometimes, 
paired, unjointed appendages. It is this lack of jointed appendages 
that at once differentiates this phyl um (Annelida, meaning “rmg 




worms”) from the phylum Ardiropoda, wliosc members liave seg- 
mented bodies with jointed appendages. The familbr Fishworm is a 
typical representative of the annelids. 

There are about seven thousand known, present-day species of an- 
nelid wonns, belonging in flve different classes. Some are land ani- 
mals, but most prefer the water, some living in fresh water, oliicn 
in the sea. We are going to discuss only Uiosc few species that arc 
commonly met. 

EARTHIVORMS-NATURES PLO^VMEN 

The earthworm is unusually talented in being able to strctdi or 
shrink itself to an almost unbelievable extent. This capacity Is the 
result of a ringlike structure joined logeilicr with softer membra- 
nous material, hfinute bristles on the underside, witli the aid of a mu- 
cous secretion, enable tlic animal to crawl, even to ascend very smoolii 
surfaces. The head end of an earthworm is pointed: the tail end 
more or less llatlened. The animal is usually pink or rcddisli in color. 
It often readies a length of ten Indies, a species found in Australia 
measuring as much as ten feet. 

Nfany of the earthworms belong in the genus Lumbricus, the spe- 
cies UrreslTis being one of the most common. 
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£arthi\'orms burro^v* in the ground, but come to the surface at night 
to feed on decaying plant, or other organic, material. The worms fre- 
quently drag tlie food beloiv' the surface to devour it at their leisure. 
It is this constant dragging below of debris, and bringing to the sur- 
face pellets of earth and digested material that have given to the 
earthworms the name of “Nature’s plowmen.” 

The tremendous value of these animal< ^»-a$ brought to our atten- 
tion by Danvin, who estimated that eacli acre of land contained up 
to fifty thousand earthworms. In the course of a year, more than fif- 
teen tons of soil per acre might be brought to the surface by these 
little cultivators, and in twenty years this might amount to a layer of 
ttvo or three inches. 

Earihivorms live in any part of the world where they find condi- 
tions suitable. They prefer a slightly damp soil. Some species can 
stand considerable moisture, but most of them are seriously bothered 
by too much water. This is particularly noticeable after a heavy rain, 
when a great many earthworms of several species may be seen crawl- 
ing on the ground. The old superstition, which still exists in a few 
places, was that die worms had “rained down." Tlie opposite, that 
they "rained up," is more nearly correct, for die heavy rains flood 
them out of dieir burrowx 

TANGLEWORISIS AND SOME OTHERS 

The Tangleworm, Ctrralulxu grandu. If, while wandering along die 
seashore from ^lassachuseits to \'irginia, you find a ycllow'-green, 
earthworm-like creature about five or six indies long, it will almost 
certainly be one of these tanglewomu. The front end of the worm 
has a great mass of long, red, liairlike filaments, called diri, extend- 
ing out in all directiozu. These are respiratory tubes or gills. As it 
works its way through the sand at die low-tide mark, the worm ap- 
pears to be in a tangle of threads. Similar spedes arc found on the 
west o^asL 

The Amphitrite, Amphilrite ometa, is frequendy confused with the 
tangleworm. It is somewhat larger but has red, fcathcr-Jikc gill* and 
yellow, threadlike filaments. 

The Lugworm. Arenicota marine, is found at lowtide mark and in 
about die same re-gions as die Ungleworm. You will not see the lug 
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worm unless joii dig Tor it, for liigwornu burrow deeply in ilie sand. 
Tlic burruivs can be located by the smalt piles oI castings surround- 
ing the entrances. When dug out, die lugs^-onn is discovered to be 
nearly ten indies long, with a large, bulbous head end. Its color is 
olive green or brownish. A number o£ species o( Arenicola are 
found in various parts of the world. One is widely distributed on the 
Pacific coast of die United States. 

The Jointwonn, Clymenella lortjuala, also can be found in die sand 
at low-tide mark. It has, liowevcr, a much greater range, extending 
from Nova Scotia to the Caroliiias. Its reddish body outlined in 
dark or brilliant orange at each segment makes it a conspicuous ob. 
jeet, long to be remenibetcd. It builds a straiglit little tube of sand 
to accommodate its three or four indies of length. 

ULOOmVOJUVJS-DlVELLERS IN THE SAND 

The Smooth Bloodworm, Clycera. /Vlmost any red worm diat makes 
its home in the sea is called a bloodworm. They arc all mucli sought 
after for fish bait. Those of the genus Glycera are called the smooth 
bloodworms because of dicir generally smooUi bodies. They are 
more quickly recognized by the long, tubelike extension of the head. 
It is with this apparatus tint tliey make the sand tunnels in which 
they live. \Vhen full grown they may reach a length of eight or ten 
inches. They are common worms along the Atlantic coast. 

The Fringed Bloodworm, Polycirrus eximius, u a dny worm not over 
two indies long. Bright red, or orange, becoming paler toward die 
tail, it has a mass of liny ftiamenu (eadi with a small knob at us 
tip), extending out in all directions from the head. At low tide, along 
muddy shores, it can be found burrowing just below the surface. 
The Slender Bloodworm, Lumbrinereis tenuis, is also called "red 
thread," because it looks like a piece of red yam. At low tide, these 
foot-long, slender worms can be found curled up under stones, masses 
of seaweed, or buried wreckage. They always prefer a muddy area. 

THE BEAUTIFUL AND THE ODD IN THE 
^VORLD OF WORMS 
Nereis is a genus containing a number of interesting sea-dwelling 
worms. They all make excellent fish bait. One of the most common 
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creatures arc knoHn to the fishermen as clam storms or sand 
storms. When full gross-n they teach a length of ten inches. ^VTien the 
tide is out, look for them as they burrost in tlie stet sand or in a 
sand-mud mixture. Worms of this genus are common subjecu for 
study in elementary zoology courses. 

The Green Paddle AV'orm. Phyllodoce calenula, is a beautiful, iri- 
descent green, spotted s»-ith brown. Much smaller iJian many other 
oceanic ssonns, reaching only two inches in length, it is found bur- 
roising in the sand of tidal pools along the New England coast. 
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A number of oilier ocean-dwelling worms build cases in which they 
live. Almost any shell picked up along a beach will have fastened to 
it masses of the entwined tubes of lime made by tlie tube worms of 
the genus Hydroides. Or they may be tlie coiled tubes, looking almost 
like snail shells, of the genus Spirorbis. Sandy shores may base hun- 
dreds of the lubes of the Little Sandworm. Peciinaria, imbedded in 
them. About two inches long, these tubes arc made of sand grains ce- 
mented together. 


LEECHES, THE BLOOD SUCKING ANNELIDS 

Lcedies form an important group of the annelids because of their 
blood-sucking habits. Over 250 spedes are known, coming from all 
parts of the world. Most of them occur in muddy pools, or moist, 
swampy areas. The commonest Norili American species is PlacobdelU 
paroiitica. Although only about uvo inches long, it can stretch iuelf 
to twice this length. Grccnish-black mottled with darker spots, it is 
ctiuipped with a sucker at both ends. It feels its way with one, taking 
hold with the otJier. This leccli normally preys on water animals, 
such as fishes, turtles, or snails, but will not hesitate to attach itself 
to dogs, cows, and man. 

Not too many years ago, and even today in some sections of the 
United States, a European species of leedi was used for bloodlet- 
ting. This medicinal leech sometimes grew as long as eight indies. 


The Mollusks— Aiiiiiials wilh Shells 


Everybody wVio has vtaWed aliowg sea btatlsts is famUar 
wilh shells. Many people have collected them, arranged them, and 
know their names, but hate never given a tlioughi to Uie auimab 
that have lived in them. The shells are easier to examine than the 
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living mollusks, but every pool of sea water, every bcadt at ebb tide, 
and, to a lesser extent, every pond, lake, and stream contains some 
member of tliis group tltat you will find interesting to watch. 

The MoUusca phylum contains a laigc variety of animals. Most of 
us are familiar with only two of its five classes, the snails, with their 
single shell, and the bivalves, with their double shell. Even here we 
have seen only a few of the animats — a few slugs, a few living snails, 
some oysters, clams, and scallops. 

Most of Uie mollusks have a shell, a protective covering of calcare- 
ous (lime) material, wlitdi has been secreted in die muscular body 
covering that is called the mantle. Each Mollusca species possessing a 
shell creates its own particular shape and marking, and can be iden- 
tified by its shell alone. Since these shells are often amazingly beauti- 
ful and since they are easily preserved, it is not surprising tliat the 
collection and study of shells have been going on since the beginning 
of learning, and that this pursuit even has its own name, cendiology. 
It makes a delightful hobby. 

In addition to the shell and the mantle, most mollusks have a foot. 
It may be a simple fleshy organ for pushing the animal along, as in 
Uie cla^; or it may be a Cat structure used for creeping, as in the 
mails. There is, however, considerable variation among these animals. 
tm oystffs have no such fooL Mollusks with double shells have no 
distmct had. Octopuses have very large heads, but no sheU. 

More than seventy thousand spedes of mollusks have been de- 
scribed, In numbers of individuals some spedes. like the o)Stcrs, 
nin into uncountable billions, while oUiers are quite rare and lim- 
ited m number*. ’ 


The phylum divides readily into five classes: chitons and their rel- 
auves (Amphineura); the tooth shells (Scaphopoda); slugs and snails 
^tropoda), clams and oysters (Peiccypoda); squids, octopuses, 

and their relauves (Cephalopoda). 'r / n 


chitons and their relatives 

incompi„om, and bug. „ gn^b-lik., these creature, (cto. 

'■ooie. all over 

SDCcIesV waters. A very few of them (about fifty 

burrow m the mud. sometimes under deep water. 
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Ali other Amphineura (about six hundred species) are provided 
with a kind of shell, consisting of eight overlapping plates. Our every- 
day name for Uiese armored creatures is chiton. Most of them Jive 
in shallow water, and you may often find them, looking like large 
sow bugs, crawling at t}2e water’s edge at low tide, dinging to rocks 
or seaweed. 



CHITONS OP THE NEW ENOIANO COAST 

Chlfww ef ctt0 se/f or oaothor ero fovoJ olorng orory eootf )» Iho mitdj rh« anlmsl UIvn 
I rotad it a kind rorjr ceinmQn ol«»a N*w England. Tlilt croalvn't lncS 4 eng iKall li yillew- 
bh-brawn, Ivtl abaul tha celor of th* wo* wnd whor* a uooili an lit ana broad fool. Tho 
chiton hot n«T«r boon gl>«n an Engibk nkknomo; bt many-glalad iholl ramindod Iht 
anciont Grookt af fhoir gorniont, 1k« chiton, ond o chilon it hot boon oatlod ovtr tinea. 

C/iaelopleura ajiiailata is ilie most common diiton along the east 
coast of tJie United States from New England to Elorida. It can be 
seen at low tide, clinging to the rocks as it feeds upon the plant life 
of die sea. Oval in shape, it reaches a maximum site of nearly dircc- 
quarters of an ind» long, with a tWdih of ihree-eigbiJjs of an inch. Ju 
shell is light yellow or brownish, and dicrc are twenty-four gills on 
each side. 

Amicuia v«tifa, a ttvo-inch species, is mucli more restricted in dis- 
tribution, for it is limited to She New England coast from Cape Cod 
northward. 

On the west coast of the United States there arc a number of spe- 
cies ranging up to three or four indies in length. In the early days 
of the ibition's history these were eaten by ibe Indians, as well as 
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by the fint white settlers. Most of tlie larger diitons make rather good 
eating, so mudi so tliat they are commonly called "sea beef.” 


TOOTH SHELLS 

The tooth shells comprise a small group of mollusks numbering about 
two hundred sp>cde5. They are long, slender animals (class Scaphop 
oda), living in tapering shells which are open at both ends. The 
shell is curved and looks like the tusk tootli of a hog. Some of the 
tooth shells burrow in dean sand in shallow water. Other species 
descend into the very deep water. 



THE lOOIH.SKElieD SNAll 
AT HOME 

TV« cmtvr* that bviklt 

cvfiovK. glowf. rfOry<Dtor*a 

vorJd.'ie ftM or* anCtalr to Hm 
li<« onimt oilhoogh yoo ton of>»« 
iSo otoptf ihefU oloog iS* bootS ott«^ 
o rtom. THo kind pSeturod U about on* 
iBcJl long and u ot hooM i* ^ Ati®^ 
li^ oiong Now Englond coosts. 


The Common Tooth Shell, Dentalium enlale, is found from Long 
Isl^d Sound to the Arctic Sea, Nearly two inches long, it is isory 
white. Alihougli it lives under rather deep ivater, its shelU are fre- 
queniJy washed ashore. A similar, but slightly larger, species, pretiO’ 
sum, is found on the Pacific coast, from Alaska to Lower Califomia- 
iJenraijum shells are slender and not as curved as some others in 
their dass. Their common name, eleplunt tusk shells, is vividly de- 
scripiive. 
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SLUGS AND SNAILS-A VAST HORDE 

Numbering nearly fifty thousand known species, snails and slugs com- 
pose the largest class (Gastropoda) o£ the niollusks. You can easily 
recognize any of the snails by the spiral, or conical, shells tltat pro- 
tect most of the species. A few Iiave only a trace of a shell, and a 
very few (the slugs) have no sliell at all. Tlie spiral shell in most 
cases twists to the right, and when Uie tip of the shell points upward, 
the opening rvill be on tfje right. A fetv species normally twist to tlje 
left, however. 

There are some rugged individuals that do not follow the regular 
rules, for occasionally members of right-ltanded species trill spiral to 
the left, and those that should be left-handed will spiral to the right. 

Snails are found everywhere. By far die greatest number live in Ute 
ocean. Some live in Cresli water, and streams, rivers, ponds, and lakes 
all have their respective species. OUiers like to live on land, even 
ascending to high altitudes, fn general, these land species like the 
moist conditions of the jungle (where they climb trees), damp woods, 
or humid mountain valleys. The species are most numerous in trop- 
ical w'aters, but some species are at home in the colder waters, and 
some arc found in polar waten, avoiding only the very coldest re- 
gions. 


SLUGS THAT LIVE IN THE SEA 

The Yellow Sea Slug, dnci«/o sulphurea, is an extremely interesting 
creature, as arc most of the sea slugs. On turning over a stone at low- 
tide mark along the New England coast, you may he surprised to 
see this slug of ratlicr startling appearance wallowing in the sedimenL 
Nearly one and a half indies long, it is tan or brown in color, and its 
head and back are decorated willi briglu-yellow tentacles and append- 
ages. \Vlien eaten raw, it tastes very much like an oyster. 

Dendronotus frondosus is a sea slug even more startling to see. 
Nearly three and a half inches long, it is pale red, with light-brown, 
or white, spots. On iu back it wears a double row of five to seven 
branching, transparent appendages called ccraia. You will find this 
btighKolored creature crawling on the rocks or in seaweed along tlie 
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coasts of nolhcm North Antcrtra, Europe, and i\sia, but rarely soullj 
of L^ng Island Sound in Uic United States, for it is a species fre- 
quenting polar waters. 



THf eiCIN SEA StUG 


S»« jirsi. U« bad ilwsv timfif wab iSel bov* m Tk» laiU «• ^ 

obowt «M i-ch Im,. e.d i, brt,y ^ i 

pii«i>r«d rn^aoj <t A at tm lb. Imnaa lidc* Wd crot Iba k««k. TW 
ilog b *wy tommam is cootfd po^ boa Hov ;«rw7 >« Moiso. 

The Papillate Sea Slug, /leofu papillosa, is two inches long. Its orange 
body, spotted with brown, is covered with ccrata arranged in fifteen 
or twenty slanting rows, each row containing ten. It znahes its home 
in the waters from the Arctic Ocean south to .New York, and is abo 
common along the coast of Europe. 

SLUGS THAT LIVE ON LAND 

Limox U a large yellowish or brownish land slug, native to 

Europe, but mtroduced into the eastern United States, where it ap 
pears to have become established in many places. WTien full 
u iMy reach a length of three and a half inches. Its head is usually 
bluish. L^d slugs are not too doscly related to the sea slugs, but ra- 
ther to the land snail s. Umax maximus is also a European species 
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now csiablishcd in many places in the eastern United States, as well as 
in California. Reaching a length of si* or more indies, it is gray, 
mottled will] black spots or blotches. 



Land slugs native to North America are feiv in species and much 
smaller than tlie European slugs, seldom reaching a length of tivo and 
a half inches. Normally, they live on damp or molding vegetation, 
blit sometimes invade oiir gardens to feed upon lettuce and other ten- 
der, leafy plants. The best way to control them is to place poisoned 
bran mash in small piles, each pile covered with an upturned flower 
pot or small box to keep away other foragers. 

LAND-DVVELUNC SNAILS 

The land snails of the temperate regions are mostly small. They are 
generally found in moist places under loose bark or decaying leaves 



or vegetation, but after a rainy period both slugs and snails may be 
seen in more exposed places. Dr. John Oughton, of tlie Royal Ontario 
Museum, Toronto, Canada, tells of finding 3.100 land snails, repre- 
senting iliiny species, in a small paper bag of debris he had scooped 
up along a flooding river. Most of Uic shells were less Uian an eighth 
of an inch long. 

In some of the species, the shell may be fiattened, in others the 
spiral may be very conical. All land snails are more or less thin- 
shelled and quite fragile. In the tropics, the land snails reach 2 much 
larger size. There are several species in the Amazon basin with shells 
that are a beautiful red in color and four or five inches in length. 

The Edible Snail, Helix pomatia, is a European species that has been 
introduced into Uie region around Xcw Orleans. U lias a railier thin 
shell about one and a half inches long and yellowish, with several 
broad brown bands. It is sold in the markets of *N’ew York and in 
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odicr cities wlicrc there is a Jai^ European population wiiJi a taste 
for sucli delicacies. 

The frcsh-waicr snails of Uie temperate regions have species look- 
ing so much like the land species that only a specialist can identify 
them. 


LIMPETS 

The limpets are easily recognized by a rounded or oval sliell that 
rises to a central point like a miniature volcanic cone. In fact, some, 
known as keyhole limpets, have a small opening at the top of the 
shells tliat is mucli like a little volcanic crater. The limpets are oceanic 
snails, and, although not numerous in species, are found in practically 
all the waters of the world, except Uic extreme polar regions. Limpets 
feed on seaweed and other vegeution of the sea. 

‘ ABALONES 

Closely related to the limpets are the abalones or ear shells. The shell 
of an abalone looks like one of the halves of a clam shell, and many 
people iliink there should be another shell adjoining. Actually, it is a 
spiral snail shell with the apex, or spire, very much flattened and the 
opening very much expanded. There are usually a number of per- 
forations along the left margin. The outer surface of the shell is 
rough and coarse, the inner smooth and with iridescent colors. When 
the calcareous material on the outer surface is ground away, and the 
shell is polished, tiie exterior becomes as beautiful as tlie interior. 
The abalone is gathered wherever it occurs. The shell is used in Eu- 
rope and the United States for making decorative buttons and 
for inlay svork. The flesh, which formerly was exported to China and 
Japan, is now being eaten in many American cities along the Pacific 
coast. 

The Red Abalone, Haliolis rufescens, is rather common along llie 
California coast southward from Cape Mendocino. One of the larger 
species; freqventjy measuring ten ioclies or more across, its shell is 
coarse and thick, brick red on the outside, and green and pink inside. 
There are three or four perforations along the margin. 

Tlie Blue Abalone, Haliotis fulgem, found along the California 
coast suuUi of Monterey, is tbinshelled and much smaller. Its max- 
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imum size is about six inches, and Uicrc arc six perforations. The in- 
side coloring of the shell is a beautiful blue. The Black Abalone, 
Haliolis cracheTodii, is five inches long, black outside, and white in- 
side. There are eight perforations. It is common south of the Farallonc 
Islands that lie off Uie coast of California. 

LMPORTANT NAMES A.MONG THE SEA SNAILS 
The sea snails are so numerous and so varied in size, shape, and color 
that it is possible to mention only a few of the outstanding exam- 
ples. Tlie auUior hopes that these short notes on a few of the speaa 
may stimulate the reader to continue the study of Uiese intriguing 
creatures of the sea. 

The Green Snail, Turbo marmoTatus, is one of tlic turban snails 
from the Indian Ocean. lu large shell, four or five inches long, and 
about the same svidth, is green outside and pinkish or porly inside. 
The lip of the opening turns out widely. Above the opening, the 
body spreads to resemble an East Indian turban. The shell of this 
snail U used extensively for ornamental and manufacturing puipo***- 
The Giant, or Queen, Conch, Strombus gigtis, is the largest snail on 
the Atlantic coasL It may be as long as ten inches and weigh nearly 
five pounds, lo outer surface is rough, ivith numerous protuber- 
ances; the inside, pink. It is common on the Florida coast, particu- 
larly along the Keys. Its fiesh is used as food and is quite delicious. 
The shell is used for ornamental purposes, as well as in the making 
of cameos. Stromhiu pugilis, common in the shallow water from 
North Carolina to Panama, is smaller than the giant conch, ranging 
in size from four to seven inches. Its spire is longer and is sharper at 
the end. The ouuide of the shell is reddish brown; the interior, 
pink. 

The Fiager Shell, Plerocera lambis, is so called because of the six or 
seven long, finger-like processes on the outer Up of the shell. A large 
shell, about five or six inches long, and found in the Indian Ocean, 
it is used for ornamental purposes. 

THE BEAUTIFUL COWRIES 

.More than two hundred species of Uiese exquisite shells of gastro- 
pods belonging to the genus Cypraea are known. Most of them are 
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found m uie warmer parts of uie Indtan and Pacific oceans. The shell 
is oval, rounded on top, and flat on the underside. The opening is 
long and narrow, and toothed on botli sides. Cowries are much used 
for ornaments, and highly prued by collectors. Some species are quite 
small; others are as much as four inches long. In Africa and the Pa- 
cific islands, Uie moneta species is used as money. 


lK»!r ufufllly lnip*rffCf TW »o"eh pkhwwJ bwii named "lisKlinB" betauie of 

tbe blood-colored eloio el Ih* movlb of ibe eboB, ibe oeUido )■ colored reddbb-brown. 
Cenchet moto very good chowder. 

Cypraea exanlAenio is four-inch species found in shallow ivater 
along the Atlantic coast from NorUi Carolina to Panama. It is brown 
in color, with round, white spots; sometimes each spot lias a center 
of brown. Down the middle of the shell luns a yellow band. The 
inside of the lip is violet. 

CLAMS AND THEIR RELrVTIVES 

Like the three preceding classes, this group of the mollusks we can 
easily recognise by the style of ilieir shells. Instead of ilie onc-piccc 
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shell of ihe snails and tooth shells, or the many pieces of the chitons, 
the Pclecypoda have a t\»o-piecc shell- This accounts for the name 
bivalve that is used to describe tliem. Tlic tsvo pieces are very sim- 
ilar and arc joined together with an clastic joint called the ligament; 
they are guided into a perfect fit by interlocking teeth, the whole 
making up Uie hinge. 

The animal is enclosed between il>e two shell hahes, surrounded 
by tlie mantle. A powerful muscle joins the two hahes and controls 
the opening or closing of the shell at the will of its owner. Tlie crea- 
ture has no head, but a fool of muscular material can be extended 
from between the two valves. With Uie aid of this foot, the animal 
pushes itself along, plowing through the mud in search of food. 

The bivalves form die second largest clast of the .Mollusca, num- 
bering about eleven thousand species. All are water animals, and 
partial to the ocean, living generally in tlie sliallower waters along the 
margins of our islands and continents. They range from Uie tropical 
seas well into the colder waten, but do not get quite as far north as the 
snails. A few are fresh-water species, found in the streams and rivers, 
Ute ponds and lakes of the world. A few, and these are usually >ery 
small species, are to be found only in the vveL mucky soil of swamps 
or bogs. 

The bivalves furnish some of the most delicious and nutritious 
foods dial man lias discovered. Indeed, man now cultivates beds of 
clams and oysters with almost as much care as he cultivates com and 
catde. The shells of many biv^ves are used in making buttons, knife 
handles, and omamenul inlay, while the pearls that are obtained 
from die clams and pearl oysters arc among the most beautiful and 
valuable of our jewels. 

FRESH-WATER CL.\.MS 

North America is extremely rich in fresh-water clams, for out of 
about a thousand known species of the world, Bve hundred occur in 
the streams and ponds of North America. In fact, most of these are in 
the Mississippi River or iu tributaries. The rest are scattered 
throughout the Great Lakes and other inland lakes, and the rivers 
of the Adantic and Pacific coasts. Fresh-water clams belong to die 
fvmily Unionidae. 

Most of the clam shells arc oval sometimes as much as five inches 
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long. Olliers are more nearly round, and only about three or four 
indies long. Most are dark colored or grecnisli on Uie outside, 
while the inside is pearly white. It is in the mantle of many of these 
clams that die fresh-water pearls are found. Sometimes they lie so 
close to the shell as to become attadied to it. When this occurs, the 
pearl is usually distorted in sfiape and practically valueless. Excellent 
pearl buttons are made from the shells of diese fresh-water clams. 
This pearl-button industry is valued at hundreds of diousands of dol- 
lars, and employs diousands of individuals. Most of diein are the 
"clammers,” that shifting population that moves up and down the 
Mississippi Valley eking out a meager existence from the shells, but 
always hopeful of finding the pearl of all pearls that will yield a 
fortune. They may come close to sarvation, but they would never 
leave their "clamming'' for wliat dicy consider the dull security of a 
job in a button factory. 


OYSTERS 


Tlie oyster family, Ostrcldae, differs in certain respects from many of 
the other families of its class, particularly from that of the clams. The 
oyster has no foot, leads a sedentary life, and needs Just one muscle, 
instead of the usual two, to open and close its shell. The two parts 
of the shell are unequal in site and sltape. The left side is large, 
round, and thick and is securely fastened to some larger object, such 
as a stone or anodier shell. The right side is flattened, and is smaller 
and thinner than the left. The exterior is coarse, irregular, and ruf- 
ffed. 
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In past geological ages the ojstcr tamiljr was mudi la^er than it 
is today. About fisc hundred fossil sjKcics base been found, but there 
are only a hundred liring species. They Use in all the teinpeiatc and 
tropical seas. Only four species are important to the fishing industry: 
the European oj’ster, Oslrea edulis; the Portuguese, Oslrea angulai^: 
the Japanese, Oslrea gtgantea; and the American, Oslrea virginica. 
\\Tulc pearls axe to be found in the shells of many bisahes, Includ- 
ing the Ostreidae. the so<allcd "pearl oysters” belong to another fam- 
ily, the Pteriidac. 

Fishing for 0}sters. Ojstcr fishing is one of the imporunt food in- 
dustries in tlie United States. It employs tliousands of persons and 
is \alucd at several rnitlion dollars a year. The oyster gathered u 
Oslrea virginica, a native of our entire Atlantic coast and recently 
introduced on our Pacific coast. This oyster is capable of teaching > 
maximum length of eighteen inches, but die fishing is too intenshc 
to permit one to grow that large today. You may occasionally see an 
oyster ten inches long, but the average size for commercial use is four 
or five inches. 

An adult oyster may lay as many as nine million eggs. These are 
so tiny tliat five hundred of them side by side will measure only 
one inch. The eggs hatch In about five hours into transparent liuis 
They SMrim about freely for a time, but in about ihiity-tv»o 
hours they sun to secrete a shell, and within six days the little o)S- 
ter is completely enclosed. In three wceLs they begin to settle to the 
bottom, aiuch their left sides to some firm base, and thereafter re- 
main fixed. 

These little oysters have many handicaps and enemies; con- 
sequently, few out of the millions of eggs ever reach maturity. Sedi- 
ment in the water or on the bottom causes one of their greatest 
troubles, since they are unable to move out of it. For this reason, 
fishdi iuOT scatter tons of old shells on the oyster beds, knov*-ing that 
these v*Ul rest on top of the mud and provide a new, hard base, la 
the harbors of many of our coastal dties you may often see barges 
of shells being tov»ed out to the oyster beds. The oysters umT ^ 

edged from these beds stben they are one or two years old and 
uLen to deeper water or other favorable spou to csublish new beds. 
^V'hcn four years old they axe ready for 

The finest oysters are usually prtxiuced in sounds and bays that 
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are fed by streams. It is here iliat a plentiful supply of minute plant 
and animal matter is swept along to keep the growing oysters well 
fed- Oysters from areas that may have been cojttaminatcd leilJi city 
sewage should always be thoroughly cooked, otherwise Uicy can trans- 
mit typhoid and dysentery. The best oyster beds are still, as iJicy 
have been in die past, Chesapeake Bay, Narraganseit Bay, Long Is- 
land Sound, and the Gulf coast. 

Oysters are frequently found with a small crustacean, one-half inch 
long, living peacefully with diem. Tliis is die Oyster Crab, Pinno- 
theres ostreum. 


SC/\LLOPS— JUMPERS WITH SHELLS 
The Common Scallop, Pecten irradtans, is also a very valuable, de- 
licious shellfish that is found in abundance along the Atlantic coast, 
from the New England states to Texas, making scallop fishing a very 
important industry. Other species occur along die Pacific coast, pro- 
viding employment to hundreds in that region. 
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Scallop shells are easily recc^ired by their radiating ribs, the two 
^vings forming a broad base, and the numerous concentric darker 
and lighter lines that follow the cun'atuie of the margin. The «lge 
of the shell is generally wasy. This scallop readies a diameter of 
about three inches. The Giant Scallop, Pecten magellanicus, found 
from N'ew Jersey to Labrador, has a diameter of five or six inches. 

Scallops propel themseUes in a series of leaps and bounds, over a 
^0^5 course, by opening and shutting the two parts of their shells. 
They are hequently abundant in shallow waters over mud flats, and 
particularly where the cel grass grows well. They used to be common 
up and down the Atlantic coast, but they have decreased enormously 
as the result of intensive netting, for tons are taken every year. 

The big musde connecting the two shells is generally the only 
pan of the scallop eaten. It consists more or less of a disk, five-eighths 
of an inch to one inch in diameter and about one-half to five-eighths 
of an inch thick, of white, fibrous, muscular flesh, the fiber* ninniog 
the shon way of the muscle, or from flat surface to flat surface. By 
observing this structure you can tell if the next scallop* you have are 
real or a substitute produa (such as pieces of stingray). 

SALT-WATER CLAMS 

Salt-water clams are undoubtedly the best for eating, but they sel- 
dom yield a good pearl, and the shells do not make the best button*- 
The Hard-shelled dam. I'enus mereenaria, also called the littlcnak 
clam, and quahog. is found along the Atlanuc coast from the Gulf of 
kawrence to Texas. It is one of our most common clams and is 
equally at home on muddy or sandy bottoms, boring Uirough the sod 
to a dcptli ranging from a few inches to a foot or more. Vou will 
find dams in water from a little above die low-dde mark down 
to fifty-foot depths. Those in deep water escape their enemies, but 
lose in ground exposed at low tide are in constant danger from 
cUmmers” and small boys who dig them for food or for fish bait. 

It IS interoting to walk along the shore through a clam bed as the 
tide u receding. At diU time, the dams are closing dicir shells until 
die w^tCT returns. Tliey do this with a sliarp snap, forcing die waicr 
ol ^ ^ , 

lade opening m die ground. Be careful where you step and be ready 
to jump, for this hide founuin can give you a very wet foot. 




THE MOLLUSKS-ANIMALS ^VITII SHELLS 1707 


The hard-shelled clam may readi a size of five and a half inches by 
four and a lialf inches and two and a half inches thick. The shell is a 
dirty white on tlie outside, with distinct concentric rings. The inside 
is dull white, turning purplish along the margin. It is tliis purple 
part that was most highly prized by the coast Indians of early Amer- 
ica for making their wampum. 

The Soft-shelled or Long-necked Clam, Afya arenaria, is the one most 
frequently used for food. It is widely distributed on mud flats, under 
stones and logs in shallotv water, between tide lines fiom the arctic 
to the Carolinas, in Europe, and along the Pacific coast southward to 
California. 

The Giant Clam, Tridacna gigai, is die largest bivalve knmvn. It is 
a native of the seas in the region of East India, where the animal is 
eaten and greatly relished. One of U>esc will provide a meal for a 
large gaiiiering of people, for a medium-to-large clani will produce 
twenty or more pounds of meat. Tlie shells are frequently more 
than three feet long and weigh over five hundred pounds. The mar- 
gin of each shell is deeply waved and indented, each shell fitting 
closely into the opposite shell. 

The shells of tlie giant clam have been used for various purposes, 
such as baptismal fonts, holy-water receptacles, and. of course, babies 
bathtubs. This genus has a number of other species, all much smaller, 
including Tridaaia squamosa and aocea. HipJiOlius maculalus, 
known as the "bear's claw,” is a closely related species of considerable 
size. 


SQUIDS, DEVILFISHES. AND THEIR RELfkTIVES 

It is hard to believe that the animals in this group (class Cephalopoda) 
have any alTmity to llic rest of the mollusks. For one thing, the ex- 
ternal shell, wliich wc ordinarily consider an essential mollusk dur- 
acicristic, is missing in most of the cephalopods. But zoologists, study- 
ing the internal structure of the cephalopods, have placed Uicm in 
Uic Mollusca phylum, nevertheless. Tlirough ilic ages these animals 
have evolved to fit changing conditions, becoming highly organize 

and specialized. 

Tlic Cephalopoda are all marine mollusks dial make dicir homes 
in the sea. Many have a large head, and large eyes, wu i a rirc c 
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eight or ten icnuclct around the mouth. Some of these tentacles are 
armed with suckers or hooks, or boili. Some ceplialopods ha>e as 
many as ninety tentacles. All members of this group except the genus 
iYfluJ«7uj, secrete an inky fluid uhidi tJjcy store in an ink sac, and 
which they can shoot into the water to befog an enemy or a viaim. 
Since this is a highly specialized group, there are only about four 
hundred species. 

The Pearly, or Chambered, Nautilus, Xaulilus pompilius, lives in 
rather deep waters of tlic Pacific and Indian oceans. Consequently, 
very few people have ever seen tlic living creature. The sheU, how- 
ever, is sometimes washed ashore on die Pacific islands or on tlie 
coasts bordering these oceans. It is white, porcelain-Hkc in texture, 
and banded in brown. Tfie interior is pearly white. 

This shell looks like a gigantic snail shell for it is coiled and 
curved and large in size, some examples reaching a diameter of ten 
indies. The animal lives in a large chamber at the aperture, or open- 
ing. Behind tliis area numerous partitions cross the shell, dividing It 
into other chambers, all empty. These can be seen only in a broken 
shell or In one that has been savted in two. The empty diambers are 
tlie animal's earlier coverings, onto which it has built successively 
larger hoods. 

The body of the nautilus may be sbt or seven inches long. The 
head, whidi protrudes [rom the shell, has about ninety tentadcs ar- 
ranged about the mouth. The tcniades are intricately arranged. 
There arc four groups of tvvcive to Uiirteen; tv\o groups of seventeen 
larger tentacles; two very large tentacles Uiat loop over the animal's 
head; and two small ones, located on each side of Uic eye. Tlie ten- 
udes of the p^Iy nautilus liave no suckers. They bring food to the 
animal and assist it in traveling along the bottom. Tlic animal itself 
mates excellent food for man. although difficult to obtain, and is 
much prized by Padfic ulanders. 

THE PAPER NAUTILUS. OR ARGONAUT 
Fishcniien in Mediienancan waters often see a lovely shell scudding 
before die wind. Fhe aims, very mucli dilated at dieir ends, seem to 
act as sails. Several other arms, which hang over the shell, can lx 
compared to oars. You can see from this description that it Tr.- 
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sonable enough for ancient mariners to call tins exquisite creature 
tlte argonaut, after the famous ship in their mythology, or simply 
nautilus, meaning "die sailor.” The term "paper” refers to the ex- 
treme thinness and fragility of die sliell ii'hen dr}’. 

Actually, it is not a boat or ship that die fishermen see sailing 
across die sea, but a baby carriage, and the apparent sails are ma- 
ternal arms protecting die precious contents. Only die female argo- 
naut carries a shell. This shell is a loose egg case svhich she has cre- 
ated from secretions from her two expanded arms. It is spirally coiled 
and symnieirical and looks like die shell of the pearly nautilus or 
like a snail shell, but it contains only the eggs, not die body of the 
animal, and she can drop it at will. 



ONLY THE FEMALE PAFER NAUIIIUS HAS A SHELL 

ThU leoLt liL« a lorgt, mwII <k.lL b»f t)>» cnelvn ihol bulftfi » !■ mveS nor* 

I.L* OB Miopvl. Only Iht bwlU> o tholl, U>» much lorgBr thsn Ih* mat*. Th* 

l^mak. bMlf neut. 

Only about a dozen species of die argonaut arc known. The com- 
mon species in Atlantic waters is Argpnauta argo. The female of this 
species is some eight inches long and carries a white shell of about 
the same length. The shell is decorated with two rows of protuber- 
ances. The male is only onc-cigluh as long as his tiiace and resembles 
a small squid or octopus. 

Hie Common Sepia, or Cuttlefish, Sepia officinalis, has a calcareous, 
shcll-Iikc body, wliich is the cuttlebonc of the commercial world. It 
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IS used as a polishing agent and as a lime-supplying food for cage 
birds. TIic cutileBsh is common in European waters and particularly 
in the Mediterranean Sea, where large quantities are used as food. 
The living animal is brown in color, with whitish spots or stripes and 
purple fins. 

SQUIDS— SOME ARE “SEA SERPENTS" 

The Common Squid, LoUgo pealei, is a common sight along the At- 
lantic coast from Nova Scotia to Florida. Built Ute a torpedo, it o 
also called the “sea arrow." About eight inches long and two inches 
in diameter, it has a head at one end. and a tapering tail, with two 
fins, at Uic other. Its body is dark gray, with red spots. Squids fre- 
quently swim in large schools and are netted in great quantities, for 
they make cccellent bait, particularly for cod. Loligo opalesceifS is 
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very similar, but is found in the PaciSc Ocean. The Chinese consider 
this squid an excellent food. 

The Giant Squid, Architeuthis princeps, is not only die largest mol* 
lusk, but also the largest invertebrate animal. Its body may reach a 
length of nineteen feel; the tentacular arms, tlilrty-hve feet; making 
die total length over fifty feet. The sessile arms arc nine feet; the 
beak, five indies; and individual suckers on die tentades, nearly one 
and a quarter inches across. The tentacular arms arc covered with 
smooth-rimmed suckers, used for grasping prey, mingled with 
rounded projections known as tubercles. The sessile arms arc much 
smaller and are armed with toothed sucken whidi die squid uses to 
feed itself once die teiitaailar arms have brought the food in dose. 

The giant squid lives in die open sca, descending rather deeply, 
and few live ones hate ever been seen. We arc familiar with it 
largely dirough the occasional dead ones cast ashore on some beach. 
Tlie beaches of Newfoundland seem to be those most frequently 
favored in this respect. Undoubtedly, dm tremendous creature is the 
basis for some of the ules of sca serpents tliat occasionally liven our 
radio broadcasts and newspapers. 

OCTOPUSES— FRIENDS OR ENEMIES? 

Is the octopus 3 terrible, man-eating monster, lurking in sea caves, 
waiting to dart out and seize a diver in its eight-armed grasp? Or is it 
a shy and timid dragon, clianging color in fright or hiding behind 
an inky smoke screen? 

The first characietizalton has been the basis for many an exciting 
tale in the past, and will be, doubdess. for many still to come. The 
second opinion is held by marine zoologists who have studied these 
odd creatures. The audior knows of a marine laboratory which had 
in an aquarium an octopus so lame that it would take food out of the 
hand, actually leaving the liand intact for anodier feeding! While 
there is little evidence to support ttories of octopuses attacking hti* 
man beings, diere is no doubt that a man attacking an octopus might 
be grasped by one or more of its tentacles and drown before he could 
free himself. 

There are only about fifty species of octopus, but they range in 
size from one indi to iwenty-eigU: feet. Whatever its size, an octopus 




1712 TilE MOU.USKS-ANIMALS WITH SHELLS 


appears to be diieily head and arms. Its eyes are brge and proms* 
nent. The jaws are sharp and bcaklike and seem to be used chiefly 
when iKtopuscs fight each other. The octopus can creep about on its 
arms, but it also has an arrangement tliat sucks water into the body 
and then pushes tlie water out. shooting the octopus forward like a 
torpedo. 



Horn o fishf "I'S ■ hBMa b*in«. vWwvgb. H onvtkia. il ka« eight erou to f-sM 
Onlj' “ ti/iit el sdopvi «ra ot*i >w9 twl long. how«*»r, cn •• «h* Korth Podfie 
Oceee b twtiitjr.»;gM {mI long. Th« mum hnl* «ctepw gf thg Mgrth AlloiUie Oe*g". 
pictvna hgrg. b gniy thrgg gr Igg. iwhn Igng. 


*rbe animal's outer surface is doued with a number of pigment 
cells, one set yellow, one brown, and one black. Normally these col- 
ors do not show, but if the animal is alarmed it changes colors rap 
idly by opening first one set and then another of its color cells. Most 
octopuses are creatures of the night, spending die daylight hours in 
rocky crevices or in burrows dng in the sand. 

Octopus bimacuhtus, one of the common octopuses along the Pa- 
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cific coa$t, has a small, uva) body about four inches long. Usually 
gray in color, it varies, however, from white to black. It has two short, 
hornlike processes between iu eyes. It prefers a diet of scallops and 
clanis. but sometimes cats &hes or crabs. 

Octopus bairdi is the common Atlantic species, both in European 
and North American waters. Its body, about lliree indies long and 
one and a half inches wide, is bluish, wiUi brown spots, and covered 
with small warts. The anus, alioiit five incites long, arc connected to 
cadi oilier at the base by a thin tuembrane. 


Animals Jointed Legs— 

Lobsters, Barnacles, Spiders, Scorpions, 
Insects, and Their Relatives 


XllE LAn* and largest group ol the animals svilhout 
backbones includes those small creatures that iiave jointed bodies, 
jointed legs, jointed antennae, and sometimes jointed tails or sting- 
ers. This phylum is called Arihropoda, which means quite appropri- 
ately, “having jointed feet." We found in an earlier chapter that tlic 
true worms have segmented or jointed bodies, hut never any trace 
of segmented appendages. If you compare an eartliwonn, which is 
a true worm, wiUi any of llic baby imecu so often called “worms,” 
such as an appleworm, a mealworm, a caterpillar, or a grub, you will 
see that all but the earthworm Jiave segmented legs. 

Arthropods have no internal skeleton. Their body wall is made up 
of alternate thin and thicker rings of a lough material called chitin. 
This tough covering ukes the place of a skeleton, and the muscles 
are fastened to it. The thicker parts are hard and horny, and the 
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thicker tliey are, ilie !c4$ flcxtbie. Joining tliesc hard rings is a thin- 
ner material uhich is flexible and allous the creature to bend. 

The arthropod's body cavity b filled wiiii fluids nhidi arc cir- 
culated by a pumping organ called die heart; it is shaped like a tube 
that is open at the front end. Along die sides of the tube, or heart, 
are several openings through which the body fluids enter. A pulsing 
action forces the fluids out of die front end. setting up a circulation. 
Along die outside of die body a number of small openings admit air 
into finely branched tubes within the body, permitting the body 
fluid, or blood, to get its necessary oxygen. This is die early form of 
the circulatory system that evolves into such a complex funaion in 
die vertebrate animals. 

To the observer of the external appearances of the arthropods, the 
general impression b of much jointedness and many appendages. 
Jointed legs are a major dutingublung feature, diree pairs on insects, 
four pain on spiden, up to one hundred fifteen pairs on some of the 
many-le^ed classes. You will also see one or two pairs of jointed 
antennae, often much longer than the creatures sponing them. You 
will usually note one pair of eyes. Sometimes, as in the case of the 
grasshopper, there are auxiliary eyes, known as ocellL Other arthro- 
pods have their eyes on suits, as in some of the aabt. Others have 
as many as four pairs of eyes. 

Of course, in such a very large phylum there are always a fevr ex- 
ceptions that never seem to fit any rule. 

The phylum Anhropoda. v%idi nearly a million known species, b 
the largest group in the animal kingdom, oumumbering all the rest 
by six to one. Insects make up die bulk of these, comprising about 
nine hundred thousand species. (We shall learn more about them in 
following chapters.) Since tfaere are so many species in the group, it b 
only natural that there should be considerable diversity in their body 
fonnadons. Howev er, they drop into about thirteen well-diflereniiated 
clas s es. Here b the Ibu Onychophora, composed of the unusual litde 
animal called the peripatus; Crustacea, compruing crabs, lobsters, 
shrimps, and barnacles; Palaeostracha. the king, or horseshoe, crabs: 
Aiachnida, scorpions, spiders, mit^ and ticks: Pycnogonida. pycnog- 
onids; Tardigrada. bear animalcules; Pentastomida, pentastonuds: 
Diplopoda. millepedes; Pauropoda, pauropods; Chilopoda. centi- 
pedes; Symphyla, symphylidv; Myiicntomata, myTientomata: and 
Insecta, insects. 
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Out of iJus >a4t assemblage, wc arc going to consider a hw of the 
arthropods that are most conspicuous in appearance or arc most 
commonly seen. 


THE MYSTERIOUS PERIPATUS 

Every so often a strange cicaiuie is discovered which docs not seem 
to fit into any recognized gioup. The peripatus, genus Pcrip< 2 /us, is 
one of these. It is a caterpillar-like creature, two or three inches in 
leng;th, wliich lives in deep leaf mold, under logs, or stones, or under 
the bark of rotting stumps in humid, tropical forests. 

At first glance tlie explorer might, because of iu fifteen or more 
pairs of short, wedge-shaped legs, misukc peripatus for an odd* 
looking centipede. Its velvety body Is not Jischiccly segmented. Its 
legs are not jointed, but they are armed with chiiinous claws, very 
mudi like Uiose found in some insects. The class name Onydto- 
phora means "daw bearer." The animal's head is adorned with a 
pair of ringed aiuennac. 

The zoologist finds die peripatus fascinating because it has some of 
die characteristics of the phylum Annelida, die true worms, and 
some of die characteristics of the Arthropoda. Some zoologists believe 
this odd animal should be set up in a phylum all lu own. However, 
most students in the field retain it iu the Arthropoda. It un* 
doubtcdly represents an ancient form, a living connecting link be* 
tween the two phyla. Its wide distribution also suggests that peripatus 
has lived on iliis earth through many geological ages. The fifty or so 
species ate scattered throughout the hot. foTCsted regions of Soutii 
America, West Indies, Africa, Malay Archipelago, Australia, and New 
Zealand. 

The group as a whole is unable to cope with the clianging condi- 
tions and keen competition of today’s physical world, and is rapidly 
approaching extinction. It is surprising that it has persisted up to 
die present day. All of the species are quite rare. 

LOBSTERS, CRABS, SHRIMPS, BARNACLES, 
AND OTHER CRUSTACEANS 

The crustaceans (class Crustacea) indutle Uie lobsters, crabs, shrimps, 
water Ileas, barnacles, and many other familiar creatures. Most are 
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water animals and brcailie by means of gills. Millions of minute 
crustaceans dwell on the surface of the open ocean, where they make 
the principal food of the larger animals of the sea. Others live in 
rather deep salt water. Many are found on coasts and beaches. A few 
live in fresh ivatcr. The so-tailed "land crabs,” or crayfishes. Hie in 
soggy clay soil where the water comes close to the surface. Others 
climb the steep slopes of high mountains. They vary in size from the 
\Vater Flea's one-hundredth of an inch to the ten-foot span of the 
Japanese Crab. 

Two pairs of antennae and at least five pairs of legs arc the crus- 
taceans’ principal characteristics. The head and thorax are fused into 
one piece, called the cephalothoiax. which forms a protecting sheath 
over the animal. It is this sheath, or crust, which suggested the name 
Crustacea for these animals. 


CRAITJSHES 

Anyone who lias poked around sueanu, ponds, or swampy places 
knows the crayfishes. alUiough he may call tliem "crawfishes," or sim- 
ply ‘‘fresh-water crabs." There are a number of species (all belonging 
to genus Cambarus), all of which look pretty much alike to the cas- 
ual obsencT. Any fresh-water pool or shallow brook should have a 
number of crayfishes lurking under flattish stones or in sliallow bur- 
rows in Uic graielly bouom. Approacli a likely spot quietly, and you 
can often see Uieir heads protniding from tJjcir hiding places. The 
two pairs of waving antennae, one pair short, the other long and 
slender, the two large pindier claws, and the bulging eyes will attract 
your attention. 

In lilts sheltered position, the crayfish can grab at small fishes or 
other passing creatures without exposing itself to its enemies. How- 
e\er, tlie crayfish is also a scaicnger, feeding upon decaying animal 
and ve^tablc matter, and you will frequently see the pond forms 
crawling around submerged plants. 

When engaged in their ordinary pursuits, crayfishes walk fons'ard 
slowly and jerkily. But if disturbed, they shoot backward, out of 
Itarm s way, by contracting their abdominal muscles It is to this abil- 
ity to retreat with rapidity that we refer when we say that someone 
has ‘‘crawfished.’’ meaning that the person in question has backed 
out of an undertaking or retreated from a position. This unflattering 
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THE CRArriSH IIKES rRESH WATER 

Mgnjr difUitnl tindi of ooffiifi (»« R* tR« (Wooni and of fRo UnluJ Siaitt. Senw 
hU« undor flat rocEt with |u>t tWr kaodi and front cloai protruding, waiting for tania 
unoK r>>l> to pou wlltiln roorti. Olk»r» dig ketoo In iwamp^ land down to wolor Urol, and 
tiock Iho oxcoralod toll In reundod turroto abo«o ihoir hoU». You con oomolImM M# quilo 
o vlllago of Ikou omall lowori or «blMao|t> on Ao dopo of a pond or martk. 


Crawfishes iJtat do not Jive in ponds or streams but prefer swampy 
ground arc also very common throughout the central and soutliem 
United States. These crayfishes dig burrows one to three feet deep, 
excavating a chamber in the bottom in which water collects. It is 
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here in thb chamber Uiat ihc swamp crajfish is ai home. The exca- 
vated dirt is carried to the surface and piled around llic mouth of the 
burrow like a turret or chimney. These piles of dirt may be eight or 
ten indies high, but are usually only from four to six. Tlic swamp 
era) fish may sometimes be brought to the surface by poking a weed 
stalk doun the burrow. Tlie crayfish will seize the weed, and if the 
weed is then gently withdrawn the crayfish may be pulled out before 
it lets go. These swamp species are much lighter in color ilian tlicir 
relatives of pond and stream, being straiv yellow. In general, paler 
colors axe characteristic of creatures that live in dark places. 


Close kin to the lowly crayfish is the lordly lobster (family Homar- 
idae), much prized for iu meat and the high point of many a "shore 
dinner." AU lobsters are sea-dwelling animals and look very much 
like glorified crayfishes. The American lobster, Homerus americantis, 
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can giw to a large sue. as mucli as twenty-four inches in length and 
twenty-eight pounds in weight, although the activities of the lobster 
fishermen rarely permit such attainments. In life it is dark green, 
mottled with still darker spots, and yellowlsli underneath. ^Vhen 
boiled, tJieonJy way most of us ever see it, it tunis a brilliant red. 

Lobster fishing is a great national industry, in the United States, 
patvvcuiaily along the northern Atlantic coasts. The lohsicis are 
lured, with clams or fish as bait, into traps made of lath and shaped 
somewhat like bushel baskets, witli funnels of cord at each end. 
The lobsters enter through tltcse funnels and then find it impossible 
to get out. As with some of our other natural resources, no thought 
was given to conserving or developing the supply of lobsters until it 
was too late. Not long ago the annual catch for Canada and the New 
England states amounted to over one hundred million. Today it does 
not reach twenty million. In an attempt to save Ute industry from it- 
self, mosc states now have stringent laws prohibiting the sale of 
small-sized lobsters. 

In the warmer waters off Florida and southern Calilornia lives a 
lobster without any pinclier claws. Instead, it is armed with spines. 
Even its antennae arc covered witli long spines. With these, it can 
deliver a vicious blow to an enemy or stun a victim. Tliis lobster 
makes excellent eating and is, therefore, much sought after. It be- 
longs to tlie genus Panulirus. 


CR/Vns 

Tlie Blue Crab, Callinectes japidus, one of ilie most important food 
crabs, ranges along the Atlantic seaboard from New England to Bra- 
zil. It sometimes follows the rivers up into brackish, and even fresh, 
water. It docs this possibly because it prefers muddy bottoms, par- 
ticularly where vegetation b plentiful, for Uiis type of growth forms 
a large part of its diet. It also feeds on dead and decaying animal 
matter. 

In the winter, the blue crab travels out to sea into deeper water, 
away from ice. In the summer, it reiunis to shallow places, where it 
may be seen dinging to piles and wliarves, easily recognized by die 
bluish coloring of its legs. The body of the blue crab is a dull, dark- 
green, and might make the crab invisible against a dark background, 
but the flashing blue legs betray its whereabouts. 
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The blue crab lays several hundred orange-colored eggs, and in a 
rveek or ten days they develop into free-stvimming animals. The young 
crabs at first molt every svcck, later at much longer intervals. After 
each molt they remain quiet and hidden, if possible, for this is their 
soft-shelled suge. Males will reach a size of three by six inches; the 
females are usually smaller. 



el broclMi «st>rt frea MeiM te Ike AUuiuippi delta. M melM er com lit UmO ^ 
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A somewhat similar species occurs on the west coast of the United 
Sutes. 

The FidtUer Crab, Uca. This crab is delightful to waldi. Eveiylhing 
about it b grotesque. The male has one claw that b extraordinarily 
larger llian the other and looks as if it belonged by right to a much 
larger crab. Usually thb is the right claw, but the fiddler b equally 
adept at manipulating the left claw, if it should prove the larger. 




The fiddler's eyes are set on Jong, slender stalks that protrude way 
out abo\c its Iicad. Its colors are umc enough, a light-brown, mot- 
tled wiUi purple and datk-broun, providing excellent camoullage 
against the dark sand oi the salt matshes svlicre liie fiddler spends its 
very active life. 

The fiddler makes its home in burrows, wliich may be over a foot 
deep, but it loves to sit at Uic mouth of its burrow, slowly waving 
its large daw. It seems to l>e beckoning you to come on, but tlris 
Iriendly gesture is not meant for )ou. 77ic fiddler is trying to attract 
one of tlie near-by females. If a female responds to some particularly 
irresistible male, she is led into the tunnel, with elaborate gestures, 
also with some prodding if she fails to respond quickly. If you should 
approach in answer to the beckoning, however, all dash sideways for 
their burrows and arc soon out of sight. 

The fiddler crab lives in colonies at Ute edge of ilie water. It feeds 
on small pieces of organic matter wliich it has roiled into little pet- 
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lets. Tlie female, whose daws aic of equal size, uses both to roll her 
pellets; the male has to roll his with one small daw. There are many 
species of fiddler crabs, all belonging in the genus Uca. 

Hermit Crabs. Hermit crabs comprise a large group of creatures 
svhich, from the front look like crabs, wiili the pincher clatvs, tlie long 
antennae, and the stalked eyes that we associate sk'iih crabs. The ab- 
domen of a hermit crab, however, instead of being protected sviih a 
hard covering, as in most crabs, is soft and, usually, tapering. To pro- 
vide a covering for its unprotected body, and a home into which it 
can retreat from danger, the hermit crab moves into an empty snail 
shell. Outgrowing one shell, it crawls out of it and hunts for a larger 
one. If it sees many shells available and no enemy approaching, the 
hermit crab will spend considerable time trying out several shells for 
size, balance, and feel, twirling the shell around with iu feet, and 
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probing ihc recesses wilb iu antennae. Finally, when a satisfactory 
home lias been found, the hermit crab pushes its tail into the opening 
and settles down for another term. 

PaguTus lougicaTpus, a common small species, lives in the small 
snail shells found in sliallow backxsaicis or tidal pools along the At- 
lantic coast. Larger species live in the deeper waters along the same 
coast. Some very large hermit crabs, twelve to cigliteen inches long, 
are extremely common along the Pacific coast. 

Spider Crabs. The spider crab is so called because of its small, 
round body and long, gangling legs. Like some of tlie tarantulas, its 
body is covered with a dense growth of liairs. This crab has ilie curi- 
ous ability to draw its eyes back into its head and thus conceal tiicm. 

A very common spider crab is Ltbinia (margiiiala, which occurs on 
botli the Atlantic and the Pacific coasts. Iu rough, brown body is from 
two and a half to three inches long: its legs are much longer. It is 
often called the sea spider. These aabs arc sluggish and crawl about 
on the bottoms of harbors and bays. Lobstennen and all fishermen 
detest them because they swarm into the traps and cat the bait. 

Rock-dwelling Crabs. If you search among die rocks along die New 
England coast between high and low water you are almost certain to 
find the Rock Crab, Cancer irroratus. H you don't find it among the 
rocks you may discover it buried in some sandy spot with only its eyes 
showing. The rock crab is rarely seen south of New Jersey. It is tan 
or light brown, diickly mottled wUh dark brown, and measures two to 
diree inches in length and three to four indies in breadth. It is often 
eaten, although it is not so highly prized for food as some other crabs. 

The Jonah Crab. Caricer borealis is extremely similar in shape, but 
is red above and yellowish beneath. It. too. makes very acceptable food. 

Tlie Ghost Crab. Ocypode albicans, a well-known citizen of our east- 
ern sandy beaches, digs iu long burrows in tlie loose, dry sand that is 
just out of reach of high tide. It is partial to the sand dunes, and you 
can often see hundreds of burrows opening on the seashore face of 
dunes. Pale blue-gray in color, it blends nicely with the white sand 
on a cloudy afternoon or evening. It avoids sunny weather, if pos- 
sible. for then iu shadow betrays it. as do the funny black eyes it swears 
onstilu. , . ... 

^Valk along a beach that has only a few ghost crabs, and you will 
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never be aware of them, unless jou arc tcry sliarp^ycd, so quickly 
will they fade auay from you. If you should happen to walk past 
a large colony, however, dteir numerous dodgings tvill attract you, 
and you tsill be able to sec them as individuals scurrying along ahead 
of you. One by one they ts’ill duck into their burrows. Sometimes, the 
litUe crab will find the burrow he cliooses already occupied- In Uiat 
case die late<omer pops out of the burrow and is off immediately 
in search of another. 
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At night, these crabs come out in numbers in search of food, chiefly 
smaller crustaceans and other arthropods. One night, some 
ago, the author tried to sleep on a beach near the moutii of the Ches- 
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apcatc. AH niglit long, he could hear Uie ghost crabs prowling around 
him, making a very ghostlike, scraping noise, but never touching him. 
Next morning lliere was a well-worn palli all around the depression 
where his body had lain. Apparently diey had been curious about the 
strange object on llieir beach, but not brave enough actually to ex- 
amine it. 



Gabs That Spend Srost of Their Time on Land. Not all crabs are 
sea animals. A number of specie, spend dtetr adult bve. on lat^d, 
though their early days are spent in the sea, and they " ' 

sea to deposit their eggs. Land crabs spend the day “”<1“ 
convenient stone or log. and prosvl almut at night. °''' 
that is rather common in die West Indies .s 

Mexico and Texas, all the individuaU presumably having spent their 
youth in the Gulf. 


BARNACLES— THEY SWIM WHEN YOUNG 

At first glance you would not believe U.ai the coniinon barnacles 
couM ^ss^blv be related to the cmstaceans. Tl.e.r tliitk. calcareous 
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shells are more suggestive ol mollusks, and, indeed, early zoologists 
did consider them to be moUushs. It was only a little more than one 
hundred years ago that barnacle lanae were discovered to have the 
same characteristics as other crustacean larvae. 

The young barnacle starts as a frec'swimraing creature- It soon at- 
taches itself to some solid object, sucli as a rock, ship bottom, pile* 
or even the back of another sea-going animal. Here, it deselops into 
a jelly-like creature, slightly smaller than a marble, sometimes re- 
ferred to as a "grape barnacle." It then begins to secrete, as a shel- 
ter for itself, a cup-shaped shell of lime, with a little cap to fill 
opening. From the top of this shell, the barnacle's legs protrude like 
tentacles and sweep smaller animals out of the water into its mouih- 

The Common Barnacle. BaLtnus balanoides, is a familiar sight all 
along the North Atlantic coast, where we see it closely massed on 
wharves, rocks, old shells, and boat bottoms. The shells vary in color 
from while, through gray, to brown. They arc from a quarter to bah 
an inch long, and just about as wide. Tlie freely swimming young 
look like tiny lobsters. This sptties is replaced on the Pacific coast by 
a vaj similar spedes. Balanus gUndula. 

The Purple Barnacle, Balanus tintinuabulum, has a shell about two 
inches across when full grou-n. It is usually a rich purple, but is some- 
dmes red, blue, or even yellow. It is frequently found on the bottoms 
of sea-going vessels, for it is at home in all the wat of the world, kou 
may often see it in a home as a mantel or desk decoration, for a num- 
ber of them often duster in an unusually attractive arrangement. 1° 
some countries, it is valued as food. 

The Ivory Barnacle, Balanus ebumeus, is widely distributed through' 
out the waters of the ivoild. It is about three-quarters of an inch 
across, and is ivory-like both in color and in texture. It is unusual 
among the barnacles in that it can live in brackish, and even fresh, 
water, whereas all the other barnacles die after a few days or even a 
few hours of exposure to fresh water. 

Ocean-going vessels arc often piloted into fresh water to kill th« 
bamades and other life adhering to their bottoms. Unfortunately, 
the ivory bamade cannot be so easily killed. Furthermore, the shells 
of these barnacles. v\hicb retard a ship’s speed, continue to adhere 
to llic bottom long after the animals tliai made them have died. 
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SAND AND FLEi\S i\ND REL/VTED CREATURES 


The Sand Flea, or Scud, Gammarus locusta, is not a flea at all but a 
small crustacean Tound on beaches under stones, logs, piles of sea- 
weed, or other debris. The male is about oiic-lialt indi long: the 
female, somewhat longer. They vary in color from greenish to dark- 
brown. When their cover is disturbed, they go sliding, or scudding, 
along on their sides or backs. They are distributed all through the 
Nortliem Hemisphere. 

The Cktmmon Bcadi Flea, Orcheslia ogihi, is similar in appearance 
to die scud, or sand flea, but somctvhat smaller and yellower in color. 
Like the scud, it hides under w'ct seaweed and other beach debris. 
^Vhcn duturbed, however, it goes leaping off. 

Tlie Mole Beach Flea, Chiridotea caeca, burrows in the wet sand 
between high and low water, throwing up a little ridge of sand much 
like a miniature mole tunnel. About three-quarters of an inch long 
and nearly as broad, it varies in color from white or yellow to green 
or brown. 


The Green Seaweed Flea, Idothea melallica, mn be found far at 
sea on floating seaweed. Only a quarter of an inch long, this tiny, 
greenish crustacean is typical of creatures that have learne to a apt 
themselves to unusual environments- 


Thc Sand Bugs, Emerita talpoida. arc familiar to most bathers along 
our sandy Atlantic beaches. A moderate surf will hurl hundreds of 
them onto the shore. Scurrying through the receding water, tiey im 
mediately begin to burrow in the wet sand So rapid y o i iey isap 
pear that one does not liavc a cliance to see rvhat they look like Grab 
one. or dig it out of the sand before it burrows m too deep, and you 
will be holding a funny litUc bug about one and a quarter inches 
long, if it is full grown. . . , j i 

The shining, purplish body of she s,nd bug is hard and 
It ha, trvo feathery antennae, which it uses to uram food from ea 
water as the surf races down tlic beach. Its har , roun o y 
mirably shaped to wiU.stand Ure buSeting tt receives a, 
roll it over and over. You can easily understand the 
its common names, the Humpty-Dumpty bug, but tt is difficult to 
how another common name, tadpole bog, originate 
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THE CRIBBLE, A CREATURE WITH 
A Tv\STE FOR \VOOD 


Limnoria lignoTum, commonly called the gtibblc. Is a destructive 
little creature, less than a quaner of an inch long. To the naked eje, 
the gribblc looks like a small, Vkhite seed. Under llic lens it is wonn- 
like, with six pain of legs and two pairs of antennae. Alone, it »uld 
do very little; but, accompanied by millions of companions, it de- 
stroys floating or submerged wood by boring tunnels in it- If the 
woc^ happens to be a sliip’s bottom, a floating vvharf, or a pile, the 
gribblc proves a very dangerous enemy. If tlie wood is floating wTCck- 
age, the gribblc is a friend and benefactor, cleaning up the sea for us. 


SHRIMPS AND PR-AWN'S 

High on the list of our delidous sea foods is tbe shrimp, a small rcl^* 
live of the oayflsli, lobster, and crab. Most slirimps have long, cylio* 
drical bodies and very long antentue. Tliey are all good swimmer 
but like the CTayEshes, dicy swim backwards by joking their broai 
finlike tails beneath them. Very large shrimps arc usually called 
prawns. 

The shrimps comprise several families, most of them edible. Most 
of the commercial shrimps of the eastern United States belong to tvfo 
species, Peneus teti/ertu and frrajiliemu. The industry thrives best 
in Louisiana, but flourishes from North Carolina to Texas. 

The Common Sand Shrimp. Crago seplemspiuosus, is easily swn if 
you hunt for it along the seasboic. where the water is shallow and 
the bottom is sandy. It loves to hide under seaweed, along the cdg« 
of rocks, or to snuggle into the sand, where its grassy color makes n 
almost invisible. "When fully grown it is about two inches long and 
makes a delidous food. 

Not all shrimps are sand- or gtasscolored. Some are mud-colored, 
live in shallow pools or ditches W'iih muddy bottoms, and arc appr®" 
priatcly called mud shrimps. They can live in brackish and fresh v*a- 
ter, as well as in salt. The Common Mud Shrimp of our .Atlantic 
coast is Palcemonelet vulgaris. It is little more than an inch in length. 
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THE KING OR HORSESHOE CILVB 

King, or honesiioe, crabs arc {amiliar crcaiures to all rvho have gone 
crabbing or clamming along ihe Atlantic Coast, especially along the 
wharves and floating docks near the moorings of small craft. In a spot 
close to a bank, where the water is only a few feet deep, you will 
sometimes see dozens of these large crabs (class Palaeostracha) crawl- 
ing about on the sandy or muddy bottom. 

They arc called king crabs because of their size, which may reach 
two feet, and horseshoe crabs because tltcir arched back has a horse- 
shoe outline. The abdomen ends with a long, spinelike tail. The 
sluggish creatures plow slowly tliroiigh the sand and mud looking for 
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oceanic worms or oilier animal food. In late summer, the females lay 
their eggs in shallow depressions in Uic sand. When hatched, the 
young resemble the adults, except that they hat'C no uils. 

King crabs are an ancient group, now nearly extinct. They are not 
closely related to any creature living today. In some rcspccu they arc 
like the crustaceans; they are water animals and breathe by means of 
gills, and they have compound eyes. In other respects they are like 
spiders, for they have four pairs of walking legs, a pair of pinchers 
(called chelicerae), and no antennae. Zoologbts arc now inclined to 
place them in a class by Uiemselvcs. 

There are only five species of king crabs. One, Limulus polypf>^‘ 
mus, is found along the Atlantic coast from ^^aine to Yucatan. It is 
not used for human food, although it is sometimes fed to cliickcns 
and pigs. The oUier four species all make their homes in tlie 
Indies and soutliem Japan, where they arc a common food. 


SPIDERS, SCORPIONS, TICKS AND MITES 

Most of die invertebrates that we have considered so far liic 
water; the great majority of those yet to be discussed are land dwell* 
ers. We are all familiar with spiders, ticks, and mites, and many of us 
have seen scorpions, and we know that they are all land animals. A 
few members of this class, Arachnida. are water animals, however, m* 
eluding two families of mites. 

Arachnids differ from all other arthropods by having four pairs of 
legs. Remembering this, you will never mistake an eight-legged spider 
for a six-legged insect. Usually arachnids have no antennae. Their e)es 
are the simple, primitive organs, called ocelli, rather tlian the large, 
compound eyes commonly found in other Aithxopoda. Scorpions bear 
live offspring; the other arachnids deposit eggs, ^^embers of this class 
feed largely upon insects or upon each other, but a few feed on the 
blood of higher animals. 

They inhabit all land areas, large or small, from the tropics to the 
polar regions. Even the arid deserts of the world offer little hin- 
drance to their progress. They push up mountainsides until iliey 
readi the very limits of perpetual snow. A few, as we said before, 
liave invaded the water. However, like all other forms of hf^. 
reach their greatest development in the temperate and warm regions. 

The class is an ancient one, dating back to the Silurian era. roughly 
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four hundred mlDioii years ago. It is still a large class, coiiuining 
more than seventy thousand species. Despite its size, it is a homo- 
geneous class, in tvliidi the various members have a considerable 
pliysical resemblance, and what dillcrcnccs arise arc distinctive enough 
to divide it into readily idcmiriablc orders. 

TRUE SCORPIONS 

Scorpions form a very distinct order (Scorpionida). Once you are 
acquainted with one species you will be able to recognize the others, 
for all scorpions are essentially alike. From llie shining, black, eight- 
inch species that infest the tropical jungles to the thin, pale, one-inch 
fellows that live in sandy wastes, all have an abdomen ending in a 
tail-like section that is armed with a curved stinger at the tip. Arch- 
ing over the back, Uiis tail waves in all directions. 
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With its poisonous stinger, the scorpion not only defen^ 
from its enemies hut delixers a lethal jab to quiet stnigglinj, 'ic 
linis on xxhich it intends to feed. On large animals, including man. 
the poison generally lias no serious effect oilier than to cau^ 
painful wound. In addiuon to having its stinger, the scorpion ha a 
front end armed with two enoimous pinchers, called pedipa pi. 
which grab, hold, and mash its prey- 

Unlcss you deliberately hunt for it, you will seldom see a scor 
pion- It is a noaumal creature, coming out at night from its ^ 
the sand, under a stone. log, loose bark, or other debris on 
ground, in order to hunL _ , 

Scorpions produce Using young whicli immediately climb on 
mother’s back. Here, they ride about until after the first molt, w ® 
they go off to shift for ihemseKcs. During this early period 
nothing, living on Uie energy stored up in their bodies. The bri‘ 
>sas once common that the young fed upon the body of the mo « 
but the facts arc that the mother’s ba^ is hard and without per 
foraiions, and die babies’ jaus are weak. ^ . 

About four hundred species are knosv-s. They are common in sou 
em Europe and northern Africa and in Mexico. Of the thirty* 
species found in the United Sutes, most are in the West and Sou 

SsCSL 

From the days of the ancient Greeks and Egyptians to the cowbc^ 
era of our own Southwest, die scorpion has been much feared an 
much discussed, but not \ery closely obsersed. Thus, there arc 
strange stories and superstitions regarding iu One of the oddest an 
commonest declares that a scorpion. \>hen cornered or surrounded J 
a ring of fire, will sting itself to death laihcr dun be captured m 
burned. 


AVHIP SCORPIO^'* 

WTiip scorpions, unlike die true scorpions, hate no stinger. The x*lup 
scorpions also differ in that their pinchers are much thicker and ^ 
armed along the inner edge with numerous spines and teeth 
aid gready in breaking and mashing their prey. They use only ihor 
three pairs of legs for walking; the first pair are sery long, held nr 
ward, somewhat like antennae, and probably serve as feelers. 
one hundred and fifty known spedes live in caves or rocky crevice*- 
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Although the whip scorpions are quite as evil-looking as the true 
scorpions, Uiey ate not poisonous, although lliey might be able to give 
you a severe nip with their spiny pindiers. When collecting them, 
ilic author prefers to take no chances, but picks them up carefully 
tvith long forceps. 

The order (Pedipalpi) divides into two easily recognized subor- 
ders, tlie Tailed Whip Scorpions, in wliidi the end of the abdomen 
is equipped with a slender, jointed, whiplike tail; and die Tail-less 
Wliip ^orpions, in which the end of the abdomen is rounded, with 
no trace of a tail. 

The most familiar example of the uiled group is Masligoproctus 
giganletu, the Vinegaroon of the southwestern states and Mexico. It 
gets its English name from its vinegar-Iile odor. A dark-brown, some- 
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what hairy creature, it may grow ai long ai Uircc inche* and flaunt 
a uil almost tlie same lengtlu It is easily kept in captivity, for >t 
quickly Icanu to uke food from your fingers. Almost any kind of in- 
sect is acceptable as food. 

The uil-less whip scorpion has much longer legs. It u rarely seen 
because it Uses in dark caves or deep crevices in rocky cliffs. 
the United States are very small and may be mistaken for spiders. 
In a limestone cave in eastern Peru, the author once captured a spe- 
cies tliat tiad a body about two inches long, but the outstretched eg* 
more tlian covered a dinner plate. Tlse front legs, in particular, 
were long and slender, each measuring about nine inches. 
front legs served much the same purpose as antennae or feelers. 
pindien were well developed and armed with numerous heavy spmo 
or teeth, making them very efficient clasping organs. 

FALSE SCORPION’S 

Tiny little creatures, the largest scarcely a quarter of w inch loos' 
the false scorpions (order Chelonediida) look like miniature 
pions. Little is knov^Ti about their lubits, but they are believri W 
feed upon mites, spriogxalls, psocids. and other sinall insects. 
delight in damp places, and jou can almost certainly find a few uoo^ 
slightly loose bark on trees or under stones, leaves, or debris on 
ground. Tliey frequently invade the nests of bees, ants, and tenmtes. 
They like to travel and do so by attacliing tiicmselves to bees, fl*^ 
and beetles, and in this way hitchhiking from one locality to another. 

Some have long been associated with man, living in the out-of-the- 
way comers of his dwellings. They pay for their lodging by destroy 
ing other tiny tenants. The house scorpion, Chelifer cancroides, one 
of the larger and better-known species, has accompanied man to 
parts of the world. 


HARViyrMEN, OR DADDY LONGLEGS 

As summer ripem into fall, the daddy longlcgs assemble in our g^‘ 
dens and fields. Suddenly, they are everywhere, clambering 
hay, up and down old apple trees, over the woodpile, on the groun 
They are unattractive creatures, but for some reason are not so mu 
feared as their near relatives th^ spiders. In Europe, where they me 
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called harvcsuncn, their appearance in large numbers is said to pres- 
age a good harvest, and it is considered unlucky to kill one. In tlie 
United States of the author's bojliood, a daddy longicgs, by point- 
ing with one of its long legs, could be depended on to inform any 
youngster the direction in which his dog had gone- 

The daddy longlegs (order Phalangiidae) differs from the spider in 
that it has no constriction, or waist, betssecn the front part (called 
Uie cephaluiliorax) and the abdomen; and in that its abdomen is 
segtnented, while that of die spider is not The two front pairs of 
appendages are very long. Tlie two eyes arc set on short projec- 
tions atop the ccphaloiliorax. The legs, as everyone knows, are ex- 
tremely long, enabling the creature lo move rapidly, if awkwardly, 
over ivet ground or loose vegetation. A pair of glands on die ab- 
domen can throw out a disagreeable odor if you are careless in han- 
dling the daddy longlegs. 

The daddy longlegs does not spin a rveb or make a nest. It feeds on 
spiders, mites, and small insecu. and perhaps on decaying matter. 
Before the arrival of Uie first frost, the female deposits her eggs in 
some damp earth. Winter cold kills all the adulu but die eggs live 
and hatcli in the following spring. 

5ome of the tropical species grow quite , large, ^fany of these 
tend (0 live togedier in fairly large swarms. In Jalapa, Mexico, 
die author once saw nearly a hundred large daddy longlegs hanging, 
huddled together, on ilie underside of die huge leaves of a castor oil 
plant. The legs of this species were tlirec or four inches long. 

There are some sixty species in ifie United States, of which four 
species of die genus Leiobunutn are the most common. They have 
small, yellowish to dark-brown bodies and very long, slender legs. 

OUR ALLIES, THE SPIDERS 

To many, the ivord "spider" brings to mind a horrendous creature, 
sitting in the middle of a web, ready to pounce out and bite them. 
This picture is ivrong in most of its details. 

Spiders pounce only on something they want to eat. that is, flics 
and other insects-, diey do not feed on human beings, as do the more 
dangerous but less feared fleas and mosquitoes. Of course, if you 
hurt or frighten a spider, it will hite you if it can. The skin on a 
man’s hand is usually much too tou^ for a spider to pierce, but it can 
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spend all their lives in Uieir burrows, only popping out to capture 
some unwary insect tliat has wandered too close. 

For all their skill in home building, and their speed in captunng 
food, life is not too easy for the trap-door spiders. Parasitic wasps 
are always waiting to dash in and capture any spider that is the least 
bit slow in closing its trap door. i ■ a 

There are several other species of trap-door spiders in the Unite 
Sutes, all having much die same habits. Some are not as car u 
about the interiors of their burrows, and some make only a simp c 
flap for a door. 

All are harmless and may be bandied gently. They make interot- 
ing pets around a southwestern garden, for it is in this region at 
many of the species live. Specimens kept in a terrarium, free otn 
their natural enemies, have been knotvn to live for six or sesen 
years. 


TARANTULAS 

Tarantula is a name that strikes fear into most persons. Now a wm 
raon name for any large, hairy spider in any part of the world, it 
originally applied to a spider found around Taranto in southern 
Italy. Here, several hundred years ago, an odd fancy arose that a ptf 
son bitten by one of these spiders would surely die unless cured y 
Ibtcning and dancing to a special and spirited type of music. T 
harmless example of mass hysteria has long since died, leaving o ) 
a lively dance, the tarantella, in southern Italy, and a bad name es 
crywhere for many an innocent spider. 

The tarantulas found in the United Sutes belong to the fam 1 
Thcraphosidac. only distantly related to the lulian urantula. wW 
is in the family Lycosidae. The Ameritan urantula is much more 
closely related to the trap<ioor spiders. Largest of the urantulas m 
this country b Eurypelma cdfi/orTiicum, which has a body about two 
inches lon^ and a leg spread of four to five indies. Dark brown an 
covered with rust-o^Iored hairs, it b one of the most harmlesi o 
spiders, but its large size and general hairiness make it a fearsome 
object. It will bile in self-defense if handled roughly, and sometime* 
inflicts a painful wound. Outside infection, the same sort that 
into the pin pricks and other minor wounds, is doubtless the cau*^ 
of the faul spider bite about which we read occasionally- 
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Eurypelma caliloniicum is found only in our warm soutliwesiern 
stales, where it digs deep burrows in tlie sand. The female lays four 
or five hundred eggs and guards tlicm carefully. It ukes die young 
four or five years to rcaclr full size, and individuals have been known 
to live for fifteen or sixteen years. They make entertaining pets, 
learn to recognize their keeper, and seem to show considerable in* 
telligencc. Tficir greatest enemy is a large, orange and blue wasp, 
of the genus Pepsis, called the laraiuula hawk, which is expert in 
seizing and paralyzing the uraniula, and carrying it uS to feed its 
young. 

The tropical Americas contain a number of very large tarantulas. 
One in South America has a leg spread of eiglit inches. Another has 
a large body, three and a half to four indies long, but very short legs. 
Many of these tropical species make their homes in trees. Here in 
Uic treetops they actually catch and kill small birds. Our North Amer- 
ican species are groujtd lovers, hiding in their burrows during Uie 
day and hunting at night. 

FUSNEL-WEB SPIDERS 

Early mornings, in late summer, the sun will light up hundreds of 
small. dew*laden webs scattered like handkerchiefs over die lawn, 
the bushes, everywhere. Heforc noon the dew lias evaporated, and the 
webs, stripped of their spotlight, have seemingly disappeared. They 
are the homes of the funnel-web, or grass, spiders, Agelena naevia. 

The web is a silken sheet, dipping in the center to a tube whidi 
leads down into the leaves or grass. Somewhere in that tube die spi- 
der is usually hiding, ready to rush out and seize any insect that 
may have landed on the sheet. 

There are some forty American species in the genus Agelena, but 
they arc among die commonest spiders in our region. Two long 
spinnerets protruding from near die tip of the abdomen usually 
disdnguish this genus. Agelena naevia is tan colored, widi a gray line 
bordered by a black line running down each side of the abdomen. 
It dies at the end of one season, lu eggs, laid in a flattish cocoon 
under a board or stone, hatch in die spring. 
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WOLF SPIDERS 

Wolf, or hunting, spiders build no ueb but pursue their prey on the 
ground. They arc usually mcdium-to-Iargc spiders, hairy, and dark 
colored. Their eight eyes are arranged in three rows, four small eyes 
in ilic from row, and two large eyes cacli in the second and third 
rows. The female carries Uic young spiders oi» her back for a short 
time. ^Vol^ spiders are usually more active at night, when tlic insects 
on which liicy feed are out, and when the wasps that prey on the 
spiders are asleep. 



Lycosa helluo, one of die ranitnoa w'olf spiders in the United 
States, has an oH\ e-colored body about three-quarters of an inch long 
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and inch-long legs. You will find k under flat stones or pieces uL 
wood in damp fields and woods. 

THE COMMON HOUSE SPIDERS 

Theridion is Uie genus name ot die house spiders, those familiar lit- 
tle gray spiders, marked tvitli darker spots and lines, that spin their 
loose cobt^ebs in all the dark, out-of-the-way places in our homes, 
bams, and garages. Kforc than tltrce hundred species have been de- 
scribed. of which fifty are found in the United States. AtUioiigh most 
housesvives consider them a nuisance, and some are fearful that tlie 
spiders might bite them (which, of course, tlicy will not), they are 
in reality excellent little helpers; for they consume quantities of flies, 
motlis. and mosquitoes. 

THE BLACK WIDOW SPIDER 

The Black Widow Spider, Latrodeclus maetam, is certainly poison- 
ous, but her bite is not nearly as bad as her reputation. Of authentic 
black widow bites, less than ten per cent have been fatal, and these 
Imc all been cases with unusual complications. A healthy adult need 
have no fear of serious consequences resulting from a bite, or. indeed, 
of being bitten at all. This spider is an especially shy crcaiure, not 
in tlie least aggressive, and usually must be forced to bite. If you are 
bitten, you should apply a ligature or tourniquet above the wound, 
which should dien be opened by cutting. Try to make it bleed as 
much as possible. If a snake-bite suction-pump is available, it should 
be used. If not, apply dilute ammonia, if available. 

The black widow spider is shining, velvety black, witli a red, hour- 
glass-shaped mark on the underside of its abdomen. Sometimes it lias 
tiny red spots along iJie middle of tJie back. TJie abdomen is round. 
The female when full grown is seldom more than half an inch long. 
The male is very mucli smaller. The web is of loose, crisscross threads 
and b provided iviili a short tunnel in Uie center, tvherc the spider 
waits for insects. The black widow lives in cool, dark places, under 
boards and debris, under doorsteps and porches, in cellars and sheds, 
in stone walls, and in deserted buildings. 

Although rarely seen, these spiders are extremely common over an 
cnonnous area. They arc found from the Netv England states and 





THE GARDEN OR ORB-WEB SPIDER 

The Orange, Garden, or Orb-web, Spider, Argiope aurantia, ii 
of our largest and showiest spiers. Its inch-long abdomco i* black# 
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with yellow or orange markings. Tlie front part of its body is gray 
above and yellow bejieatli. Its legs arc long and velvety. It spins its 
beautiful orb iveb across our garden patlis, and then rests bead-down 
in the center. 

Tlie webs are large and strong, usually three or four feet in diame- 
ter, although the author has occasionally seen tliem sbc or eight feet 
across. A zigzag band of silk runs vertically through the center. This 
is the final touch put upon the web, and looks as if it might be a title 
or signature. For this reason the spider is sometimes called the 
"writing spider.” The damaged web is usually repaired or rebuilt each 
evening. 

In Uie fall, tlie female places her eggs in a silken, parchment-like 
cocoon, about the size of a hickory nut. You will find the cocoons in 
the winter lime, hanging from the tops of old weed stalks. It is at 



THE BEAUTItUL GARDEN SPIDER WORKS HARD POR A IIVINO 
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this time that the eggs arc hatching as you will quickly <Iisco^cr if 
you open one of tlie cocoons. The young remain in their cocoon 
until settled weather arrives, usually in May in the norilicm sutes- 

CRAB SPIDERS 

A large-bodied, ilaitish spider, ilie crab spider has two pairs of legs 
much shorter tlian the others, a fact which gives it a crablike appear- 
ance. It even walks sideways, as the crab does. It builds no web but 
makes its home on walls and fences and in flowers. 

There are over one liundred species in the United States. One 
genus, Misumena, with about fifteen American species, is interesting 
for its brightly colored members who tend to wear the same colors as 
the flowers in which tliey live. Many of them arc yellowish, and 
these live in the yellow Composiue, Uic Rudbeckia, goldenrod. and 
sunflowers. You may find white crab spiders in cosmos, boncsei, or 
joe-pye weed. 


JUMPING SPIDERS 

If you look on the outside of any building you are almost certain to 
see a jumping spider at its hunting. Backwards, forwards, or side- 
ways it leaps and jumps. Tliere are hundreds of jumping-spider spe- 
cies, but one of the commonest, here and in Europe, is Salticus 
sceiiicus, a little, dark-gray spider, about a quarter of an inch long- 
Across the abdomen it has tltree transverse bands of lighter gray- 


MITES, TICKS, CHIGGERS, AND THEIR RELATIVES 

Some of the members of this order (Acarina) are among man’s 
irritating pests; a few are helpful in destroying insect pests, but most 
of them are strictly neutral. Many of the tropical species are bril- 
liantly colored, and many North American Aarina are some shade 
of red. All of the Acarina are small: the largest is barely half ao 
inch long; the smallest is microscopic They have spherical or egg- 
shaped bodies, usually imsegmented. The pinchers Uiat many arach- 
nids use to break and mash their prey are often used by die Acarina 
for piercing and sucking. 

About half of the species are parasitic, some upon man, some upon 
mans domesticated animals, and some upon insects. The free-Ii'hio 
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species feed upon small animals, including each other, and also upon 
plants, and on decaying maitcr. Tlicy live cvcrytvhere, on land and 
water (salt or fresh), ttfherever there is the slightest amount of vege* 
table or animal food for them. 

Fifteen thousand species have been described in all, 1,500 of them 
in the United States. Since much of Uie study of Acarina has been 
directed to those species with economic importance, there are doubt- 
less a great many species with no relation to our lives that are still 
to be described. 

The Itdi Mite, Sarcoptes scabiet, annoys hogs as well as man. Tiny, 
and whitish, it is almost too small to be seen without the aid of a good 
lens. Tlie female burrows under the skin to lay her two dozen eggs. 
These hatch in about seven days, and the Hulc ones add to tlic in- 
tense Itching Caused by the parent. In favorable weather, the life 
cycle averages about four weeks. 

Tlie Water Mite, Hydryphantes ruber, once seen is easily remem- 
bered; for it is usually a bright-red in color, although individuals 
may be brown or almost black. Any woodland pool in spring or early 
summer should have a few of these mites, half swimming, half crawl- 
ing on die bottom. These are adult mites, and iliey have gone into 
the water to breed. In the late summer or fall, if you catcli a grass- 
hopper and spread its wings, you may find some mites firmly fastened 
to it. These mites also attack other insects, particularly Urge beetles. 
It is only tJie immature mile that is parasitic on insects. In this stage 
it has only six legs, causing you to wonder if it ts some insect. 

Among the other mites that annoy u$ are tlie Clover Mites tliat 
are sometimes boclietsoine about our houses in early spring. Anotlier, 
called the Red Spider, sometimes is a pest on greenhouse plants. 
Kerosene emulsion or sulfur spray are die common controls used. 

The True Ciiigger, or Red Rug, Trambicula irritaTis, sometimes 
called die United States Jigger, should not be confused with the 
Chigoe, or Jigger Flea, Dermatophilus penetrans, belonging to the 
true fleas or order Siphonapieia. The cliiggcr is a minute, stout, 
fuzzy, rust-colored infte, widely distributed from Canada to central 
Mexico, but mucli more plentiful in the Soudi. It prefers a grassy or 
weedy Held, but is almost equally at home in Krub or second-growth 
timber. 
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In Central and South Amnia and in the counirin of the Eattem 
Hcmijplicrc, this species Is replaced by oiIjct species of similar ap- 
pearance and habits. Some of the species ate tliouglit to t>c carriers 
of ii>c RicLctlsia organisms Uui cause Rocky Mountain spotted fesn 
and other human diseases. Ifutsesrr. little u knoMti of this at Uie 
present lime. 

It is the larsae of the dtigger Uiac arc parasitic on man and ani- 
nuls. So tiny tliat they an craul through the meshn of most cloth. 
Uicy do not burrotv under Use skin, but ause interne itching wher* 
escr they are atiadicd. Persons seserely attacked, or particularly al- 
lergic to ilie cliiggns, nuy suffer high fescr and nersous disturbances. 

HOW TO REMOVE TICKS FROM VOUR BODY 

Ticks are usually mudi larger than miles. A lick’s body is protected 
by a tough cohering tchich an be enormously siretdied. \V’hc0 well 
fed, the body of a female may be as Urge as a marble. She deposits an 
enormous number of eggs, sometimes four thousand or five thousand, 
on Ute ground. CraHling up the vegetation, die )oung larvae can 
easily attach tliemsehes to Uie legs of some passing animal or human 
being. 

^Vhcn you find a tick aitadied to you, do not try to pick U oif 
v^itli your fingers. You will get only pan of it- Apply alcohol or the 
hot end of a match or cigarette to Uie tick and it will be forced to 
free iiscIL 


MILLEPEDES-THE .MANY-LEGGED CREATIHU^ 

These craiklers arc ailed Thousand-legged Worms (class Myriopo*^ 
and order Diplopoda), but if you should uke the trouble to count 
their legs, you would not find anywhere near that many on any 
known species. It is true that they have quite a few legs- Two pairs 
arc attached to ach of most of their segmenu. and since they 
have from thi^ to seventy or more segments, according to specie- 
they arc cci^nly well supplied with legs. One wonders how they 
can ^vel without stepping on their own toes. 

Millepedes Uke dark, damp places, well supplied with the decay- 
ing v^ctable matter upon which they usually feed. A few wiU at- 
tack living roots if plenty of moisture is present. When disturbed, a 
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millepede will cun up mto a circle which leaves ihc Iiard upper 
surface exposed, but protects tlic legs and soft underside. Most 
species have slink glands along the sides; in some, these are charged 
with prussic acid, making them very unpalatable to their enemies. 

Nearly 150 species are known in North America. Very little is 
known about the species making their homes in tropical countries. 


MIllCrEDE AND C ENTlfEOE- HOW MANY IECS7 

A fn<Ucp«dfl (boHom) n«v*r ho> os moof os o ihovsosd fsgs, and 0 esntipsds (fop) moy 
hois <nero than a Kundrsd; th« kovio csolipsd* ihol mm mm In csllort ond bnlhroomi hni 
only IhirFy legs, Millspedsi tivo on damp giovnd ond fs*d 0" dseoylng vsastallen, bvt 
csnilpsdss fsnd on iniscti and spidsri, wbkh (ksy kill with pollen, Sotno tropical csnii- 
ptdsi can inflict o painful wound on o porimv but thoso w* commonly find In Iho United 


CENTIPEDES-EATERS OF FLESH 

Fear seems to be Uie reaction of the average person when centipedes 
are mentioned. Countless stories and legends deal with centipede poi- 
soning. It is true iJiat some of ilic larger species in the tropia are 
dangerous and to be avoided. There seems to be some basis for the 
claim that svhen one of these big fellows walks across your bare skin 
it leaves a welt as a result of tlie irritation caused by its scratchy 
feet, for some of these feet liave special poison-bearing claws. Better 
as a story than advice is Uie American cowboys’ claim that a cenii- 
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pcde when disturbed is so fast to striLe that shooting it off is the 
only way to keep it from biting you. 

The centipedes belong to the order Chilopoda. They differ from 
the millepedes in has-ing only one pair of legs to each segmenu They 
also differ in being carnivorous, or flesh eating, feeding upon inse« 
and even upon si^l animals. There are about two hundred species 
in the United States. Those found in damp places in houses, cs^ 
cLally in ^llars and sometimes in bathrooms, belong to the family 
Scutigeridae. They feed on cockroaches, flies, and mosquitoes, and. 
therefore, are not only harmless but distinctly helpful to the house- 
holder. 


The Insects— Little iMiracles of Life 


%VHAT IS AN INSECTT? 

Do YOU THINK of insects only as enemies to be destrojedr 
The auUior belicscs just the opposite. If, after reading diese 1*®^ 
you have not been persuaded to sliare his opinion, it will not be 
cause of lack of effort on Iiis part. 

It is true Uiat many insect species compete witli man for food. Se' 
cral annoy and irriuie him. A scry few endanger his life or heal 
But the credit side oSets at least ct«ice as many items. 

Innumerable spedes collaborate t»ith man by pollinking Bowers, a 
service in which they are irreplaceable. Without insects we would 
without many of our fruits, vegetables, and garden flowers. Some 
dcs aid die farmer by ledudng weeds. Many save our crops by 
ing on die crop-eating insects. Tlie adulu and larvae of most $p«ies 
arc food, sometimes the only food, for birds and fishes that serve M 
food for us. In a few countries, certain insects are themselves a stap*® 
or occasional food for human beings. 
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The honeybee, the \ariutis insects wliosc bodies arc used in nuking 
dyes, tlie lac insects (from whose secretions shellac is made), and tiie 
silksv’orm are only a fetv uf the insects wliosc work has made life 
richer and easier for man. Thousands of insects which Lite majority 
of us never see keep this old world sanitary and productive by reduc- 
ing dead animal and vegetable material back to die soil. Above all, 
however, insects can enchant us with their beauty or strangeness, and 
the more we study them the more beauty and enchantment we find. 

'^Vhether we like them or dislike them, insects (class Insecta) are 
our most important neighbors. It is estimated that they total 85 
per cent of all living creatures. Most versatile of any of the classes, 
they have adapted themselves to life on land, in the water, and in the 
air. Tliey can and do eat everything. Some insects hold onto life 
very stubbornly. Others that die quickly or easily can, neverdieless, 
reproduce themselves in astounding numbeis. 

Through millions of yean insects have developed a great variety of 
highly elficient body sliapcs. Compared with anodier dominant class, 
die mammals, for instance, the insects have small bodies whidt can 
fit into very small places and whidt require very little food. Instead of 
a skeleton covered with vulnerable flesh, the insect wears a coat of 
mail, lough enougli to protect its vital organs, yet jointed and hinged 
for freedom uf movement. The wings that many insects have devel- 
oped are so useful diat it Is surprising that only one other class pos- 
sesses them. Wings carry dieir otvners to new locations, to better food 
supplies, to their mates, and away from dieir enemies. 

HOW TO RECOGNIZE AN INSECT 

Why are insects called "insects”? The word originally meant "cut 
in," and was used to describe Uiese creatures because their bodies ap- 
pear almost to be "divided” into several dllTcrcnt parts — die head, 
thorax (dicst), and abdomen. 

Although die name insect is loosely used, often in reference to ani- 
mals that are not insects, insects liavc certain distinctive characteris- 
tics whidt help you to distinguish them from dieir relatives. TJiey 
differ from other arthropods in having only three pairs of legs. (Spi- 
ders, for example, have four, crustaceans have five, centipedes and 
millepedes have from eleven to seventy pairs of legs.) Many insects 
have wings during their aduft life, usually two pairs, but there is much 
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variation in this niaiicr. Flics, for example, liasc just one pair of 
true wings; in place of the liind pair they have small, knobby stumps, 
called halicrcs. Beetles use only dicir hind rungs for flying, their 
front wings Iiaring developed into a pair of curved, leathery shields, 
called elytra, which protect the true wings and the abdomen, but are 
useless for flying. Some insccu never have any wings at all; some 
ants lose their wings; some butterflies seem to be mostly wings. 

Insects always have one, and only one, pair of antennae, die feel- 
ers that project from the head and are usually located between the 
eyes. The antennae may be threadlike, pointed, or clubbed or 
knobbed at the ends; then again, they may resemble feadicrs or 
combs. In attempting to identify any insect, you should always look 
closely at iu antennae for distmaivc charactertstia. 

M is the case widi many everyday things, such as radios and au- 
tomobiles, an insect has various paru desaibed by tcdmical names 
which are not loo diflicuU to learn. The few we have to use here are 
thoroughly explained so that you will have no trouble in remember- 
ing them. 


THREE PAIRS OF JAWS 

Every insect has three pairs of jaws, placed one before the other. 
sects that live on fluids have these jaws fused to make piercing and 
sucking organs. Biting insects, naturally, have well-developed jaw»- 
Thc big back jaws arc the mandibles. They vary in sire and sliape. 
according to the species and the kind of food it cats. Sometimes they 
axe greatly enlarged and may be used in fighting. 

Located just in front of the mandibles, the second pair of jaw'*' 
called maxillae, help chew the food and carry it into the mouth. 
These jaws end in feelers, called palpi, which examine and hold the 
food. Sometimes they are so long that they look like antennae. The 
third pair of jaws, the second maxillae, are usually fused mto one 
piece, the lower lip, or labium; these jaws also have feelers, called 
labial palpi. 

The central part of the insect is the thorax, and to it the wings and 
legs are attached. The part of die thorax holding die first pair of 
lep is called the prothorax. The middle pair of legs and the front 
wings are attached to the mesothoiax. The third pair of legs and the 
hind wings are attached to the meiathorax. 
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Eacii leg is divided into {t\e parts. Tlte piece ilvat joins the thorax 
is the coxa. Then comes the trochanter, usually just a small joint; 
then the femur (plural, femora), or thigh, sometimes greatly enlarged; 
follovv'ed by tiie tibia, or shant: and last, the tarsus (plural, tarsi), or 
foot. Tlie tarsi, which vary enormously among tlie different insects, 
are composed of one to five segments, usually have claws at tlie tip, 
and may be padded on die underside, as in some flics. 

The largest division of an insect's body is the abdomen. It is made 
up of a varying number of ringlike segments. The insect breathes 
through spiracles, or breathing pores, usually on the sides of the ab> 
domen. Many insects have two or three feelers, or tails, called c^rci, at 
the end of the abdomen, ^^ay flies have extremely long cerci. In ear- 
wigs, the cerci are shaped, not like antennae, but like pinchers. 

HOW THE FEMAIX LAYS HER EGGS 

Female insects usually carry an ovipositor, or egg-laying organ, be- 
tween the eighth and ninth abdominal segments. This may be ex- 
tremely long, and needle-like, as in the ichneumon flies, or broad and 
knifeltke, as in some grasshoppers, or it may be invisible wlien not in 
use. Some ants, bees, and wasps use Utcir ovipositors not for egg-laying 
but for stinging. 

All insects develop from eggs. Female aphids and some flies carry 
their eggs within their bodies until the eggs hatch. But most insects 
deposit their eggs in some suitable place, often taking great pains to 
find or build a proper nursery. The eggs vary in size from a micro- 
scopic l^io of an inch to a quarter of an inch. They are often beauti- 
fully shaped and sculptured, and many of our classical art forms in 
pottery and in decoration have been modeled after them. 

THE >VONDERrUL STORY OF HO^V INSECTS GRO^V 

From tlie egg to the adult, an insect goes through a series of dra- 
matic changes, called its metamorphosis. Tliere are two types of meta- 
morphosis. Insects undergoing incomplete metamorphosis make three 
changes in lorm, graduating from tlie egg to the young insect, and 
from the young insect to Ute adulL In complete metanioTphosis there 
arc four dianges, from the egg to the young, to the pupa, and to the 
adult. 
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Among insects experiencing incomplete metamorphosis, the young, 
or nymphs, resemble the adiilu in general body formation, except that 
tJiey are usually wingless. The young insects of the grasshopper arc a 
good example. 

The young of insects going through complete metamorphosis do not 
at all resemble the adults. We call tlic young of these groups larvae 
(singular, larva), although the young of moths and butterflies are com- 
monly called caterpillars, and Use young of flies and beetles are usu- 
ally called grubs, or even worms. 

The shedding of the skin of an immature insect is called its molt, 
and the stages between the molts of nymph and larva are called in- 
stars. Each species of insect requires a definite number of instars to 
complete its development, and tlie nymphs, particularly, may show 
considerable change in form between titc first and the last instars. 

^Vhen the larva is fully developed it stops eating and pupates, or 
changes into a pupa. Just before this cltange a great many of tbem 
spin some kind of silken covering for Uiemselvts, called a cocoon. In 
others the outer skin grows hard and parchment-like, and is called a 
chrysalis. Many others spend all their lives deep within the tissue of 
some plant or animal and pupate in the cell in which they lived 
larvae. While its body Is changing to die adult form, the pupating 
insect remains inactive. When it emerges from its pupal skin and co- 
coon, it is a mature insect. 


SUverfishes or Bristlelails— 
Most Primitive of All Insects 


T 

liiE MOST PRIMITIVE of all the insects, the silverfishes or 
brlsileuils (order TJiysanura) resemble what must have been 
very earliest insect life. This type of insect is wingless but has a seg 
menicd body and die jointed legs of die t)pical insect. Two rather 
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long and slender antennae extend from the licad, while from the tip 
of the abdomen, Uuce, or occasionally two, tail-like appendages 
(ccrci), looking very nmeh like antennae, arc directed backward. Be- 
cause of these cerci, one has to look closely to make sure wJiIcli is the 
head and which the tail. 

Most of the Thysanura arc covered tvith scales, gising Utem a 
slick and silvery appearance, and tlicy feel quite slippery when you 
attempt to catch them in your fingers. As they run swiftly for cover, 
they look very much like small fishes. One of their common names, 
silver/ish, comes from tJiis resemblance. The other coiiimon name, 
brisiletail, is a tribute to their long ccrci. 

Two common species in this order long ago deserted tlieir outdoor 
Iiomcs under logs, debris, or rotting vegetation, where most of the 
Thysanura live, to take up residence with man. Here, if numerous 
enough, Uiey may do considerable damage to ajiy product containing 
starch or glue. They have been known to eat tiie bindings of books, 
and have loosened wallpaper by eating the stardiy paste that held it to 
the walls. Since they usually feed at night, hiding during the day in 
crevices or under anything loose, we rarely see tlieni. 

FISH MOTH AND FIREBRAT 

One of these species, Lepisma saccharina, also called the Fish Moth, 
is pale gray or silvery in color and lives among books or papers. The 
name "saccharina” suggests that they feed on sugar, but this Is doubt- 
ful. They are sometimes found in sugar bowls, but the explanation 
given for this is that they have fallen in and cannot get out. 

TJje oUjer common species, Lepisma dotaeslica, is silvery giay, mot- 
tled with blackish specks. A common name for this species is Fire- 
brat, because it likes to live around stoves and ovens, but particularly 
among tlie stones of the old-fashioned hearths once used for cooking. 

GREAT MOLTERS 

Most of tlie Thysanura are rather small, seldom growing beyond three- 
eighiJis of an inch in length; but the two species mentioned, when full 
grown, may be from one-half to five-dghths of an inch long. Although 
about three hundred species have been identified, we still know very 
little about the life histories of any of them. The female lays many 
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minute eggs in the dust of cracks and dark corners. The metamor- 
phosis of dicse insects is incomplete; that is, the )oung resembles the 
adult and docs not need a pupa in which to change to tiic mature 
form. Howes er, diey do have a great many more molts or instan than 
most insects, and some species may spend ttro jears or more as 
nymphs. 





Springtails — Wingless Insects That Can Fly 


1h£ springtails are also primitive, wingless insects, but 
you can see them go Hying through the air. To accomplish Uiis 
ilight, tJiey make use of a pair of short, abdominal appendages svliich 
can be coiled up and held by another pair of abdominal appendages. 
When this spring is released, the little creature is catapulted into 
space, landing about a foot atvay. The name of the order (Collembola. 
meaning “glue wedge") refers to a sucker-like appendage on the ab* 
domen. 

Collembola are all very small, usually pale in color, although some of 
them are dark gray, blue, or even red. Like the Thysanura, and unlike 
most other insects, they show no change in body formation between 
youth and adulthood. They live in hiding, under leaves or decaying 
vegetation, or around old togs and wood. One species, which lives un- 
der leaves in the woods, does come into tlie sunlight. The winter hiker 
trudging through the snow on a bright day may be startled to see 
tiny, dark specks hopping about. Warmed by die winter sun, these 
little springtails have ventured up through the crevices in the snow to 
skip around on tfie bright surface for a few hours. 
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The Earwigs—Iiisecls ^nlh 
fllany-Jointed Antennae 


ilo ONE KNOWS why that odd-looking insect, the eanvig. 
wis ever accused of entering tJie human ear. It probably never does: 
it does not look as if it could. \Vc svonder why our ancestors did not 
choose a more probable villain for one of ilieir horror stories. But 
untrue as Uiis story Is, people all over Europe have believed the 
charge, as testified by the earwig's Cennan, Frendi, Spanish, and 
Swedish names, and similar terms in lialf a dozen other languages, 
all implying that the insect enters Use ear. 

ODD FE,\TURES OF THE EAR’VVIGS 

Earwigs are rather unattractive, small, brownish crawlers, rarely 
than an inch in length. The first thing you notice about tliem is * 
large pair of pinchers at the end of the abdomen. 

Observe them more closely and you will see other odd characteris- 
tics. Their beads are quite large, their antennae long and many- 
jointed. Some species are wingless, but most of those in Europe 
and North America have thick fotewings somewhat like the wing 
covers of a beetle, and these arc so short that when laid back oser 
the body, they leave most of it exposed. The rear wings, in contrast, 
are ratremely thin and transparent and when not in use are folded 
fanwise under the heavy forewings. The earwigs belong to the order 
Dermaptera, “skin wings.” 

Earwigs use their wings very little, preferring to chase about on 
the ground. However, you will sometimes see one species, 
minor, flying about lights at night. 
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The female earwig depasiu a small numher af white eggs in a 
honoweil damp spul and broods os-er Utem until they are hatched. 
TJ»c j'oung reseitibJe the adiilw, murb as yoiinggrasslioppers jcscmble 
(he adults of their group. 

Most of the thousand or so Dermaptera species Use in the hotter 
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countries. There are about a dozen nause species in North Amcrio, 
but probably ilie most common is Forficula auricularia, a European 
immigrant which has spread all oser the dvilized world. 


The ‘^Straight Wings^— The iHantids. 
Walking Sticks, Cockroaches, Grasshoppers, 
Katydids, and Crickets 


The NAaiE of Uiis order (Orthopreia, or "itraighi 
wings") refen to the long, straight or parallel edges of the front 
wings of most members. Some of the order, hones er, have front wing* 
that are rather broad at the middle. The hind wings are folded, hie a 
folding fan, into numerous pleats and disappear, when at rest, under 
the front pair. Not all of the Orthoptcra have wings. Practically ev^ 
^mily in it has some species wfatefa, having possessed wings in earlier 
geological eras, have lost them after ages of disuse. A familiar example 
of a wingless onhopteron is the ualhing 

This order U an ancient one, dating from before the Carboniferous 
period, which is set by geologists as having occurred some 2S0.000.- 
000 years ago. Fossil Orthoptcra, particularly cockroaches, have been 
found in the coal dating from this period. The Orthoptcra are prims* 
rive i n s erts, but, unlik e the very primuive Thysanura or CoIJemboIa, 
go through a gradual change from the egg to the adult. The winS* 
are complete in the adult, box just before this stage, in the U« 
star, they are u seles s pads. Since there is no cjuiet, or pupal, stage, th,- 
tramformarion of the Onhopiera is oiled an incomplete metam®^ 
phosis. 

Members of this order vary in rite from crickets less than half ^ 
inch long to walking sticks that art six, eight, and even twelve, inebe* 
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in length. The various families dilTer so intich in shape dial ilicir 
essential rclationsliips arc not easily recognized. As a matter of [.ut, 
many species arc not easily recognized as insects, for they are masters 
of the art of camouflage and may simubtc Uic appearance of green 
leaves, dead leaves, sticks, twigs, sand, or stones. Uy all standards, the 
Orihoptcra arc a highly successful group. Of ancient lineage, tliey 
have not decayed in strength or numbers, but base used the many 
geological ages to develop a great diversity of body formation, of such 
a practical nature as to insure tlicir survival. Now, their species have 
invaded all tire regions of the earth, adapting themselves to hot and 
cold climates, to low and high aliaudcs, to swamps and deserts. 

COCKROACHES-MOST DO NOT LIVE WITH MAN 

The word cockroach brings horridly to mind the familiar examples 
of (his family (Olattidae) which hate intaded our homes. Actually, 
most cockroaclies are self-respecting individuals that still live in iJicir 
ancestral homes under stones, logs, or the loose bark of trees, and in 
or about decaying vegetable material. 

All of the cockroaches are scavengeis, feeding largely upon vegeia* 
ble food, but they frequently like to vary their diet by feeing upon 
the remains of some dead animal. In general they are night-loving 
acaiures, avoiding the bright daylight as much as possible. All are 
soft-bodied and flattened, and have wings dial fold flat upon die body. 
This compact shape is a distinct advantage, enabling them to slip 
into narrow openings. 

They vary considerably in size, ranging from a quarter of an inch 
to a four-inch South American species. The largest native species in 
die United States measures slightly more dian two inches. 

Although the family is still strong in number of species (some 
1,200 have been described), it reached its greatest development 
during the coal ages. The number of fossil cockroaches Uiat have 
been discovered leads one to believe that the insect was much more 
numerous dien than n is in the present age. The average size was 
also somewhat larger, for fossil roaches measuring nearly eight inches 
have been found. 

The black sheep of the family, from man’s point of view, are those 
that have moved into our houses. Tliey long ago learned of the ad- 
vantages human dwellings offered in the way of food and safety from 
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their enemies and the ucaiher, and base so completely adapted 
thenuehes to this mode of H\tng as to be now almost incapable of 
existing elsewhere. 

The German Cockroach, BlatUlta germanica, is the spcacs )OU most 
frequently meet. It is about one-lialf inch long, straw colored, and 
dans swiftly for the nearest crevice when discovered. It originally 
made its home in Central Europe, but has now spread to all parts 
of the world. 

The Oriental Cockroach. Blatta oiientalis, is black and nearly one 
inch long. It likes damp locations, such as the vicinity of sinks, drains, 
and similar places. For this reason, it is sometimes called ‘ v>aicr 
bug," or “black v^'ater beetle," although it is ncitlier a bug nor a 
beetle. The female has greatly reduced wings and cannot fly. "Fh“ 
spedcs. originally from Asia, has also traveled with man to all parts 
of the world. 



An Australian spcacs has likewise started hitchhiking ita 
around the world. .A Florida species, Periplaneta amencana, recently 
developed the wanderlust and has set out to spread into all suitable 
places, adapting itself to many unusual situations. Having originally 
liTcd under loose bark of trees tbiou^out Florida and the other 
souibera states, it has now invade bufldmgs, largely warehouses. 
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bakeries, and stores, as far north as Canada, as far west as the Kocky 
Mountains, and southward into Central America and parts of South 
America. 


THE MANTIDS-TIIEY AMDUSH THEIR PREY 

Although not too common, the mantids (family Mantidac) have, 
during the last generation, become quite well known and even popu* 
lar in the eastern part of tlie United States. This is doubtless the 
result of tile large size and striking appearance of die Oriental spe- 
cies that has migrated to our shores. 

Manuds are flesh caters. Among the otiter leaves of plants or 
along flower stems, they lie in wait for passing insects. The better to 
capture and hold dieir victims, the from legs of the mantids arc 
modified into two powerful pinchers, or claspers, armed with sharp 
spines along the edges. As it waiu for an insect, the maiuid holds 
these pincher legs up before it in a praying attitude, from wliich we 
get the common name, praying mantis. Naturally, the term is some- 
times written "preying mantis.” and Uiis Is equally applicable. The 
insect is also often called a "soothsayer.” 

THE ORIENTAL MANTIS— AN INTERESTING PET 

There are a number of uadve species in the United States, most of 
them living in the Souili. Only two species range as far north as New 
Jersey and Oliio, and they arc not common. 

The most common mantid in this country is an intioduced species, 
the Oriental Mantis, Paratenodera smensis. Brought here about 189G, 
it was liberated near Philadelphia. From there, it was carried to 
many parts of the country, and quickly became established. Because 
of its flesh-eating habits, it has been regarded as a beneficial insect. 
This is doubtful, however, because the Oriental mantis probably 
destroys just as many valuable insects, such as honeybees or lady 
beetles, as it does harmfiil imects. 

So finiily and generally fixed is this idea of the usefulness of the 
insniJs a nany iwpJt bclieie tJiat it is protected 
by law, and that anyone destroying one will be fined. Actually, no 
such laiv has ever been made. 

The Oriental mantis makes an interesting pet. Each one rc<iuires a 
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private cage, however, for if two ate houicd together the weaker 
one will be devoured. A mantis can be fed on invetis, lucli as meal 
wurnis, on pieces of raw beef, apple, and (>otaio and other raw vege- 
tables. v*hich it will learn to ukc fioin )oijr Hugcts. It will eager jf 
sip water fiom a spoon. You will enjoy watching it cock its hti c 
head to one side as it observes you approaching, looking expccunt ^ 
for what you may he bringing lu 
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drop down and scamper ofF. Their one Idea seems lo be to get away 
from the egg case as soon as possible. An excellent idea, for any slow 
ones are instantly pounced upon and eaten by their more rapid 
brothers. From the time that ilicy arc hatched, each mantid is en- 
tirely on its own, and starts to make a living at once by capturing 
otlicr insects. 

Tlie full-grown mantids arc heavy in body; looking at one you 
would think it unable to lly sery i\cll. However, the author has 
grown accustomed to hearing an excited voice over the telephone, - 
inquiring about the strange and startling creature that has sud- 
denly appeared at a windotv of a towering olTicc building in New 
York City. Mantids have been reported from the tiventieth floor of 
die Hotel Statler. The observation platform of die Empire State 
Building has also had its quota of these visiton. Since diese insects 
frequently fly at night, it is likely that they are attracted by die 
bri^it lights in the buildings. 

\V/VLKING STICKS AND IXVF INSECTS 

Walking sticks (family riiasmidae) are seldom seen, and when they 
arc it is usually by accident. One may be looking at a small oak tree 
or any shrub or tree that appears to be stripped of its foliage, won- 
dering wbat may have caused the damage. Suddenly, what appears 
to be a bare twig starts to move off in a sedate but ludiCTous manner. 
Only the movement of the insect reveals its presence, so exactly docs 
it rcserafalc the twigs among whicli it lives. This "look-alike" capacity 
is called protective resemblance, and undoubtedly does help to pro- 
tect die walking stick from its enemies. 

There arc several species of walking-stick insects in die United 
States, most of them in the South. The most common and widely 
distributed is Diapheromera feviorala, which ranges over the entire 
eastern part of the country. In general it seems to prefer oak foliage, 
pardcularly patclies of young, second growth oak. In the fall, when 
die insects are full grown, die female drops her eggs, letting them 
fall where they may. They are dropped one after another at short 
intervals until three or four hundr^ eggs are laid. As one walks 
through autumn woods ivhere a great number of diesc insects occur, 
die constant dropping of the eggs on the dry leaves sounds like die 
patter of raindrops. The eggs lie among the leaves until spring, 
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sons o£ \egcunon \shcn iheir regular food planu become scarct 
They arc known as the Sbort-horoed OriJiopicra because of their 
short, railicr stout antennae. Tlieir family name is Locustidac. 

Although most of die species fuse wings, there are some that ha>e 
no wings at all. and diere are others whose wings are merely pads an 
entirely useless for fligbL The posterior, or hind, legs of most are 
enlarged or well developed for hopping. 

The female deposits great masses of eggs in die ground by inserting 
die lip of her abdomen into the soil. Many of these eggs do not 
hatch, either because of unfasorablc weather or because other insects 
base parasidzed them. Given favorable condtuons, however, enor 
mous numbers of certain species will sometimes develop. Soon, they 
will have depleted their food supply and vviU start off for other fie 
Eventually, great numben of them will be on the move, and we 
have what is known as a locust invasion or migradon or plague, n 
some countries where these migrations occur yearly, the natives, 
ing up for their ruined crops, collect the grasshoppers, pull off die 
inedible wings and legs, then dry the bodies in the sun for futurt 
food. They also eat the grasshoppers alive. Holding the ime« by 
hind legs, they pull off the v»-ing$, and then bite off die body.^ 
Grasshoppers are aedve during die day. They produce their 
iar scratchy, rasping call, by rubbing the hind femora, the thick^ra 
part of the hind legs, over the edges and stout veins of the v»'mS'' 
The male makes more noise than the female, and it is believed th^ 
thb is a means of attracting the female. Since a noise is produ«<* 
one must conclude that the insect bears some structure which re- 
ceives these vibrauons. and it does. At the base of the abdomen, ju^ 
under the wings, on each side, there is a round membrane, or earlikc 
structure. These membranes are the ears of the locusts. 

There are loo many spedes of grasshoppers in the United Stai« 
to permit any adequate discussion of them in this book, ^^e w 
look at only two. 


The Carolina Loenst, DissoUeira Carolina, is one of the most famili^ 
in the eastern United States, It measures two to two and a 
inches in length as it walks sedately across a dusty 'road duriug 
late summer days. Approached too closely, it leaps into the air. 
spreads its yellow-margined wings, and flies rapidly ai»'ay. 



MANTIDS. GR^tSSIIOPPCRS AND TflElR KIN 1767 


The Lubber Grasshopper, Ro}nalea microplera, is die largest in llic 
country and inhabits the southern states. It is a Iieavy-bodied. Hight- 
less creature, llirce and a half indies long. The wings arc simple 
pads. The adults and the nearly full-grown stalk along singly and in a 
ludicrous manner. The young are gregarious, wandering around like 
a small, straggling army of twelve to fifteen. If one becomes separated 
from iu creiv, it will enlist in the next group diac comes along. 

GROUSE. OR PYGMY, LOCUSTS 

These are small, short-horned grasshoppers (family Tcttigidac), 
somewhat triangular in shape, and (jukkly distinguished from the 
other grasshoppers by their curious prothorax (tliat part of the body 
holding the first pair of legs), wliidi extends backward in a long 
projection nearly covering die wings and frequently longer than 
t(\e abdomen. They are seldom over an inch long and are usually 
mottled in color. 

Tliese locusts frequent the margins of streams and ponds, and can 
swim rather well when a misdirected hop lands them in water. Their 
coloring matdies well die wet sand and mud whidi they like so ivell. 
A few species are found in dry, sandy places. These do not have the 
dark, motded shades, but are tan and even a light-straw color. Like 
the oUier grasshoppers, these are plant feeders, but they have never 
become plentiful enough to be pests. 

KATYDIDS AND OTHERS 

Almost everyone has heard Uiese broad-winged gossips of the au- 
tumn. Only at night, however, do we hear their constantly repeated, 
rasping “Kaiy did — Kaiy did — Katy did,*' occasionally varied with a 
"Katy didn’t,” for the katydids (family Tettigoniidae) are night 
animals. During the day they sit quietly among the leaves, their 
green color effectively disgubing tJiem. Tlicy do not depend too far 
upon tlieir disguise; for if you spot one and attempt to catch it, it 
will permit your fingers to come only so far before it has launched 
itself on its broad wings and is sailing off to a distant tree. 

Katydids do not feed to any extent on grass or cereals, preferring 
the leaves of trees, shrubs, and weeds. The eggs are laid in the fall. 
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inscricd by tlic inoiljcr imo the tissue oi soft uvigs or the stems ^ 
plants. Here they remain until the warmth of the early spring 
causes them to hatdi. The little ones arc long-legged, ungainly rep- 
licas of the adults, but. of course, Iiave no wings. 

SOME LARGE KiVTYDIDS 

In the tropics there are truly giant katydids, some species 
Icngtli of Bve or six inches, witli their lorewings one and a iu 
indies wide. \Vhen they fly one might think that they were s 
birds, except that their flight U somewhat misdirected and not near y 
as rapid as that of birds. 
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in certain localities develops a curious diilcrcntintion in color. In- 
stead o£ the usual bright-green of most members of ilie species, some 
individuals arc pink. This pink may range from a solid, bright liue 
to a dull, mottled straw color. These unusual individuals are called 
simply pink katydids. A tendency toward tliis pink condition is found 
in a few other species, as well as in some of tlic homopierous insects 
of tlie families Mcmbracidae and C^cadcIHdac. Just what causes the 
color change is not known. 

Not all of the Tettigoniidac arc broad-winged, nor are they all 
green. They do have one cliaracicristic in common, and that is the 
possession of long, slender, almost threadlike antennae. For tills rea- 
son, the family is known as the Long-homed Grasshoppers (or Long- 
Jiorncd Orthoptcra). Those that are not green vary in color from 
liglit-gray to tan to very dark shades. Most of tlicm feed on broad- 
leaved trees or on sveeds. One group is called die conc-headed grass- 
hoppers. because die top of the head is prolonged forward into a 
sharp cone shape. 


MALES AND FEMALES 

Female long-homed grasshoppers are recognited by dieir conspicuous 
ovipositors («gg-la>ing organs), which in some may be short, and 
in other species actually longer than the body itself. The place in 
which die eggs are laid depends upon die length of the ovipositor. 
Some species place tlieir eggs in die soft tissues of plants, odiers in 
the deep crevices of tree bark, still others in deep humus. 

The males are liie singers of the ramily. The songs of die different 
species vary from a slight "lipp” to a rasping screech. If you liave a 
good ear, you can learn (o rccogiiirc the xarious species by their 
calls, for each has a distinctive note, rhythm, and timing. TJie lim- 
ing, however, is somewhat dependent upon the lemperaturc. The 
higher the temperature, the more rapid the calls. So invariable is 
this that formulae for the relation of temperature and timing that 
are accurate to a very small percentage have been worked out for a 
number of species. 


HOW KATYDIDS SING 

The males make the calls by slightly openitJg and closing the fore- 
wings in alternation. On the dorsal, or inner, part of the wings, near 
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tile base, svhere die two wings overlap, is a flattened area. On the 
upper wing is a row of small tccUi. and on tlic lower wing is a strong 
vein. The membranous pan of the wing acts as a sounding board 
Since the long-homed grasshoppers have litis elaborate sound ap- 
paratus, it seems they should have equally good ears, and so they do. 
But where do you suppose their ears arc located? Their cars arc on 
their front legs just below the elbows, and arc directed forward, Thu 
location is extremely convenient, especially for tlie female, who, 
picking up the call of the mate, orients herself in the direction from 
which tlie call is coming, and follows down the beam. Here we have 
the earliest example of a direction floder. 


THE CRICKET 

The most common cricket in this country is the Black Cricket, 
luS'<UiimHh. Entomologists have recognized at least eight subspecies* 
each restricted to a particular ge^aphical or local area. To the lay- 
man, these subspecies look pretty much alike, and we will let the 
taxonomist (the scientist who classifies plants and animab) worry 
about fine poinu of ihb sort. 

In the fall, in turning over old boards that have been lying oa 
loose, sandy soil, one is certain to see a dozen of these inch-long, 
black creatures rushing pell-mell in all directions, some Icaphif- 
others running, but all in a burry to get to some other hiding place. 
There will also be other, smaller crickets under these boards. Most 
of these arc less than half an inch in length and of a brownish color. 
They are some of the many species belonging to the genus 
The cricket family b called Cryllidae. 

The Common European Cricket. Grylliu domesticus, made famom 
by Dickens’ Christmas talc. The Cricket on the Hearth, has immi- 
grated to this country, where it has become a resident in a number 
of widely scattered localities. At first it showed a preference for 
greenhouses, but later established itself in country estates, and now 
is invading apartment buildings in some of our larger cities, where, 
long into the winter months, it regales the inhabitants with its song- 
\Vhen it confines itself to singiiig it is generally tolerated, but when 
tt has chewed a few holes in the clothing of its hosts, its lease is pretT 
sure to be terminated. 
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However, the European cricket is not as bad in this respect as our 
native black cricket, which sometimes docs considerable damage to 
clothing in farmhouses or woodland cabins. Many a summer camper 
going reluctantly at %'acation'5 end to the nail on the wall for his 
city clothes has found that what the crickets had left would not cover 
him as well as tJie shorts he tvas wearing. The autlior remembers 
with aUection a certain tailor in Alabama who mended all night long 
so that the writer could return in decency to Ohio. Tlie native crick- 
ets remain rustic; modern dwellings, apartment houses, and city life 
do not appeal to them. 



THE CAMEl OR CAVE CRICKET OF THE WESTERN UNITED STATES 

Thli eddJoeking tffolur* it cemtiMwt novgb. but h tret olt.ii wen b«o»ti If kldtt Ti» covtt 
and vnd«r ttonai In fha dayllm*. ioming •« ‘■wo* 0 "It "» "’s'**- ‘'«'‘«'t ko** "« 

wing*, and lh»if hvinpad bodi.i «b<»» »•« «*»»« tail or ilon.t whtr» Ihty IIy*. 
Tk«r hoY* no noiia-moking or haarbg organt. 

Not all crickets live on or near the ground; a large group lives in 
trees and shrubs. Many of these are called, naturally, ' tree crickets. 
In general, they belong to the genus Oecanthus. 

Like their relatives ilie long-homed grasshoppers, the crickets all 
have very long, slender antennae, and produce tlieir pleasant chirps 
in the same manner. They also have the same kind of ears. Of these 
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musical imccu, the tree cricket's song seems the most pleasant to 
human cars, and its soft chirping can be \ery soothing on a s'^ann 
summer night. Most cricket activities are carried on at night. In a 
number of countries, particularly in the Orient, crickets are kept m 
cages to amuse the householder with their chirpings. In China, male 
crickets arc kept, like gamecocks, for fighting purposes. 

MOLE CRICKETS-THEY BOTH BURROW AND FLY 

As the name implies, these crickets burrostf in the ground. 
front legs are well adapted for digging, being broad scoops 
svith sharp claws. In soft soil, they can dig themselves out of sig 1 
a few seconds, svhilc a minute U enough for them to disappear m 
harder soils. They are at home not only in the ground, but in the ^ 
as well, for they can fly long dlsunces and very ssvifUy. Flying usually 
at night, liiey are frequently attracted by bright lights, and so may 
often be collected around street lights. 

Mole crickets (family Gryllotalpidae) sometimes do comidera c 
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damage to cultivated crops. 'Fliis is especially true in Uie tropics and 
in tlie warmer regions of our country, where tlic insects as well as ilic 
species are more numerous. Of the approximately ten species known 
in Uie United States, Cryllotalpa borealis Is most commonly seen. 


The Wood Eaters— Termites, or While Auls 


So FAR and deep has tlie fear of termites spread among 
home owners that a consunt stream of people, letters, and telephone 
calls passes tltrougii the author’s olTice, all wanting to know whether 
they have termites, and, if so, what to do about it. This fear is well 
founded, for once tlicse little creatures become established in a 
building, they arc bound to do considerable damage unless quickly 
eliminated. And eliminating them is difficult, for termites usually 
start their attack in some liulc-scen and inaccessible place. In fact, 
they usually have been ivell established for a number of years before 
the iiouseholdcr even suspects Uicir presence. 

Termites (order Isopiera, “equal wings") destroy buildings and 
cat the roots of trees and plants. They do millions of dollars worth 
of damage every year. Yet they do very useful work in lielping to 
keep our forests alive and growing. Trees that fall to the ground are 
quickly reduced to humus by Ute action of fungi, ants, and other in- 
sects. On die other hand, dead trees that do not fall but are exposed 
to air become dry and hard, or cured. In this condition, they do not 
disintegrate under insect attack, and can clutter up the forest for 
years, preventing new growth. Here, the termite proves its worth. It 
can eat the hard, dry wood and digest it, with the aid of some in- 
testinal protozoans ivhicli it always carries along. It tunnels back 
and fordi dirough the tree until it finally brings it down to earth. 
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HOW TO DISCOURAGE TERMITES 

Apparently the wooden structures tliat man erects are just so many 
dead trees to the termites, and they attack them with equal appetite. 
Howeser, since the wood they eat is dry, the termites must ba'C 
water, ivhich they get from the ground. If we can prevent them from 
getting water, either from the ground, a leaky tap, or sweating pip^ 
they will soon die and leave the building. Creosoting timben or in- 
jecting mineral oil into timbers already attacked will also discourage 
their activities. 

TERMITES HATE LIGHT 

The most common and widely distributed termite id the United 
Stales is RelieuHlennes fiavipes. It ranges over the entire county 
and into southern Canada. It is, in fact, the only spedes occurring m 
the northern United Sutes. It prefers sandy or gravelly soils to the 
heav7 or clay soils. Termites hate light, and if it becomes necessaiy 
for Uiem to cross an exposed area through vtibicb they cannot tunnd» 
they set about building a covered passage of vvood fiber cemented 
together with their gluelike saliva. Because they have little or no color* 
ing, they are sometimes called “white ants.” 

QUEENS, SOLDIERS AND OTHER CASTES 

Like the ants, they are social insects and have a somewhat similar 
society, although they are a more primitive and andent group- They 
have many castes, the number differing in different spedes to fit the 
particular activities of the colony. Prindpal castes indude Uie male* 
and females, winged for their marriage Bight, but later wingless, the 
enormous queen, her wings tom off, laying eggs for her colony, the 
soldiers, with their large heads armed with powerful jaws, ready to 
seize any invader; and the workers of the colony. 

TERinTE HOUSES IN THE TROPICS 

Termites r ea ch their greatest development in the tropics, both ni 
activity and in number of spedes. Indeed, our present tempeiat® 
species migrated not too long ago from the tropics. In the warm 
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Many primitive peoples use tetmitcs as a staple article of food. 
They dry them, roast them, and even eat lliem raw. Accomplishing 
the last is quite a trick. The insect must be crushed by a quick little 
bite tvhile still held in the fingers, for once let the termite's sharp 
jaj« Saiten cm cheek or ttmgae and it will be next to impossible to 
disengage them. 





Net-Winged Insects and Lace^angs 
— Including Some Insect Lions 


n H£N the great botanuc Linnaeus set up his seven insect 
orders, based on wing structure, he called one of them Neuroptcra 
(“nerve wings"), including in it the insects whose wings had an w 
tricate network of veins. Many of the groups of insects tliat he in- 
cluded in this order have since been established in orders of il>cir 
ovm, so dtat today only a few well-marked families remain in die 
Neuroptera. 


APHIS UONS-A HUNGRY FAMH-V 

Memben of the beautiful family Chrysopidae are disiribui^ 
throughout the ivorld, and look mucli alike, wherever they axe found. 
Of some 425 species, only twelve live in the United Sutes. There 
are fourteen species in Great Britain, and a fciv more in Europe- 
All species have oval-shaped wings, thickly crossed by numeroiu 
veins. Although most arc green, some are yellow, others are tan, an 
still others are dark brown. All are shimmering and transparent, "'el 
described by the order’s common name of lacewing. The name 
Chrysopidae, from the Greek words for "golden" and "eye, refers 
to the golden eyes of the adult, which are large, compound, and set 
far apart. The name aphis lion refers to the imm ature, or larva, 
which feeds upon aphids and other small insects. 


MOTHERS AND BABIES 

In general, all species have the same habits. When her eggs 
ready, the mother, poising over a suitable leaf surface, exudes a b'^ 
of secretion which hardens instantly in the air, to form a fine, hair- 
1776 
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like stalk. On top of this stalk, she plates one egg; then site makes 

another stalk for another egg. until tlicic arc sc\cral eggs on the 

leaf. 



»( mankind by crawling along plant ilono and ooting ovorr aphid (plant lauta) It can tind. 
Whan iha aphii Iim bet aotee oO U caa, II ifiia o btouitSu), lavnd, abinlag whilt cccaeB 
ebavl ilMlf, frem which it will lalar anwrga with larg*, Iraglla wingi and brilliant galdon 
»1*t. Tha locawtng aim ael> apbidi. bvl net w many a> whan It wat on aphU lian. 

One can imagine two possible reasons for this procedure, the first 
being to prevent otlier insects from eating Uie eggs, and the second 
to prevent die first-hatched from eating all die remaining eggs. If 
you ever watch infant aphis lions in action, you will accept the second 
dieory as most plausible. They seem to have just one desire in life, 
to sink their jaws into the first object tliey meet. All too often the 
author has had these tiny creatures drop out of a tree on to the back 
of his neck. Sinking their jaws in, they inflicted bites that hurt for 
hours. 


MOST VORACIOOS OF INSECTS 

As their name suggests, the larvae feed upon plant lice, which they 
devour by dozens. Drinking in the juices through gjooves inside dieir 



jaws, they proceed from aphid to aphid, casting aside llie drained 
bodies when finished. They never stop, or even hesiute, until the 
branch they are on is swept clean. No other insect is as voracious as 
these aphis lions, not even ilie larvae of lady beetles, which feed ui 
mucli the same way. 

When full grotvn, the aphis lion spins a rough cocoon in tvhich it 
remains until ready to emerge as a w'inged adult. When handled, the 
Chr)-sopidae, both adults and larvae, give off a disagreeable and last- 
ing odor, and for this reason are sometimes called stink flies. 

ANT UONS-TRAPPERS OF INSECTS 

like the aphis lion, the ant Hon (family Mynneleonidae) owns a 
powerful pair of jaws with which to seke its victims. Unlike the 
aphis lion, it does not go out hunting for its prey, but lies in wait at 
the bottom of a trap constructed in loose, dry sand. 
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The ant lion excavatei its pit by crawling backward in a small 
circle, tossing the sand out by means o£ a Hipping motion of its 
head. Eventually, it has a pit one or two indies in diameter and just 
as deep as the shifting sand will remain stationary. Buried in the. 
bottom of the pit with only its large jaws exposed, the Hon rvaits — 
a most unlionlike method of attack. 

An ant or other small insect wandering over the edge of the pit 
starts an avalanche of sand and bug rolling to tlie bottom, ivhere ^e 
jaws are svaiting for it. The ant lion notv goes into action. 

Tossing sand up from the base, to confuse tlie victim, and also to 
keep the avalanche rolling, the ant lion grabs at its prey, and usually 
is successful in seizing and dragging it in to be eaten. The remains 
are then cast out of the pit, and repairs are made in preparation for 
the next adventure. 

\Vhen full grown, the larva pupates in a rough cocoon and emerges 
as a winged insect looking very much like a damsel fly. Jt differs 
from the Utter in having its wings, when at rest, folded rooflike over 
its abdomen, and in having slightly longer antennae, whicli are usu* 
ally distinctly knobbed. 

ANT LIONS OF YOUR OWN 

Sandy places are sure to contain little colonies of ant-lion pits where 
you can w’atdi their trapping tactics. However, it is quite easy to 
keep two or three ant lions in a shallow disii of sand where you can 
observe them undisturbed. Ants and other small insects steered to- 
ward the trap will provide food for your hungry pets. 




Epliemerids, Slay Flies, or Dayllies 


To THOSE who live inland, near a small, muddy streaia 
or pond, the May fly is an exquisitely graceful insect, with cthciol. 
glistening wings, a slender, curved, beige-colored body, and two or 
three long, thin fllaments streaming out beliind. They can get a dear 
view’ of an individual May fly as it rests on a tree mint or 
Occasionally, they are fortunate enough to see a number of the lo'oT 
things in their leisurely mating dance. 

But to those whose business takes them through the lake-shore 
streets of Cleveland, Ohio, on a bte spring day when the May A*® 
are swarming, one insect is about as noticeable as a snowflake w * 
blmard. For three or four days season douds of them faU oo 
lake-shore streeu and pelt against auto windshields, making driving 
as hazardous as in a sleet stonn. They cover walls and windows, 
pedestrians, and str«t lights. They are a nuisance, and no 
preciaies them, not even the commercial fishermen, whose livelihood 
depends on the quantity that Calls a few hundred feet north o 
these streeu. in the waters of Lake Erie, to supply the principal 
food for iu fish. 


Cleveland's experience is shared more or less by all the cities an 
towns along the Great Lakes, and sometimes by those along the ih*' 
sissippL Indeed, the Ephemerida thrive wherever there is fresh wa 
icr, exc e pt in the very cold regions. The slow-moving rivers of "csi 
cm Europe produce heavy storms of them, usually in August. A fc* 
years ago large swarms appeared in New York City’s Central Park- 


MATING DANCE OF THE MAY JLffS 

The swarming of May flies is largely the mating dance, and properly 
takes place over streams and ponds instead of futilely over city streets- 
ITSO 
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THE MAT FIT tEFORE AND AFTER 

TF>« Mof fly «p«ndt up Id lhfd« r*o«» oF li» Uu at o lorra (Edllam) ond only o fow days 
at on odufi (lap], Ai a faaflhiry bfowa c»aatwa If ftatft an pfanli on fHo bonam oF a 
atraofn or taba^ and U IImII ana of Aa prlndpoi faedi for froth-aratar fiiK. THa larva* 
finally riM to lha walar tvrleco, braob evt of Ikalr braan tkini, and fly to naecby vasata* 
Hen. In a few heuri Ihay mall egefn> and aawfi* « tKinlng Intactf wilh sauaalili* tringt. 
New Ihay (Iv* enfy (eng anaugh la mol* and drop aggt (a (ho walar. 


along cacli $>de, and ifs'o or three featlicry tails. A fe^v of tiic May* 
fly species pass through tlie naiad stage in a few weeks, but most of 
Uiem require one, t(vo, or even three, years. Dunng their undenvatcr 
life they arc very aciise, feeding toraciously on decaying plant raa- 
terial, steins and leaves of aquatic plants, and scaivecds. 
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BE.VUTIFUL CREiVTURES WITH GLISTENING WINGS 

When fully grown, the insects come to tlie surface, molt, and fly away 
tor just a short distance, for Utcir wings are not jet fully developed. 
This stage of their life is called tlic subimago, and is peculiar to the 
ephemerids. In a few hours they molt again, tins time emerging at 
shining, beautiful creatures wiili glistening, tissue wings. 

You can always recognise May Hies by their rear wings, which arc 
quite small in comparison with their front wings. yVnolhcr noticeable 
diaracieristic in most species is the set of two or three long, slender 
fllamcnis, called ccrci, extending from the tip of the abdomen. 

These insects belong to the order Ephcmcrida ("lasting but a 
day"), and in Europe they are called dayflics, for it was formerly 
believed that adult May flics lived only one day- This is not entirely 
correct, because individuals have been kept alive for as long as 
weeks. Outdoors, however, their fragile bodies are unable to cope 
willi the elements, and few survive more than two or three day** 
They are attracted to bright lights, and a great number are killed 
beneath the wheels of iraflic. OUier countless hordes fall back into 
the water and are devoured by fish. 

THE MAY FLY IS A VALUABLE FISH FOOD 

Klay flies, both adult and naiad, arc among the most important of the 
fish foods. Without them, in our waters, fish cannot live in any num- 
bers. Unthinking persons, annoyed by tlie annual swarms along the 
Great Lakes, frequently ask how May flies can be exterminated. They 
do not realize that to destroy this fish food would practically elinu* 
nate a valuable food of man. As a matter of fact, the May fly popula- 
tion along Lake Eric has been greatly reduced in the past ihirty-fiv^® 
years, owing to sewage and mill dumping and other hazards of civi- 
lization, and the fish catch during those years has decreased accord- 
ingly. 

The sports fisherman b well acquainted with the fact that fish are 
fond of May flies. He has modeled several of his flies after these 
insects, the Green and the Gray Drake being typical examples. In 
France, fishermen call the hordes of Ephemerida that fall into the 
Seine and the Marne "fish manna." 
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YANKEE OR CANADIAN SOLDIERS? 

In Uie Great Lakes region, May flies are given another colloquial 
name, with variations. Along the American shores they are called 
"Canadian soldien,” because the vast hordes seem to come out of Uie 
north. Given a soutlierly wind, the helpless insects are carried out 
over Canada, where, of course, they are called "Yankee soldiers." 


The Mosqiiito Eaters — 
Dragonflies and Damsel Flies 


Until recentlv the dragonfly was better known as tJie 
devil's-daming-needle, snake feeder, and horse stinger. So general 
was die idea that the dragonflies coursing back and forth over some 
waterway tvcrc looking for victims in order to sew tiicir cars back, 
that these valuable creatures were sliunned by many persons. It was 
also supposed tliat if Uiere were no ears to practice on, they must be 
looking for a hungry snake to feed. If botli of these supposed ac- 
tivities appeared implausible, dragonflies must have those long ab- 
domens in order to sting. Since they never sting man, it was sup 
posed (hat they attacked horses. 

As agricultural communities became more observant and better 
educated, these ill-founded names died, and Uircc more appropriate 
terras (dragonfly, bee butcher, and mosquito hawk) gained usage. 
All three refer to tl»c voracity and fierceness with whidi these insects 
attack and devour other insects. The second tide is angrily bestowed 
upon them by beekeepers, especially those who make a business of 
rearing queen bees. Nfosquito hawk is also a good name, for mos- 
quitoes. boih adult and larval, are the principal food of these insects. 
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Members o£ this order (Odonau) may be easily recognized by 
tlieir long, straight abdomens, their mo pairs of long, thickly net- 
veined, membranous wings, and their large, compound eyes. All of 
our species are contained in two easily differentiated suborders. In 
the Zygoptera, or damsel flies, the wings at rest are held straight up 
over the body. In the other, tlm Anisoptera, or dragonflies, rest with 
their wings stretched out flat from tlic sides of ilieir bodies. 

The damsel flies are dainty little creatures, usually delicately col- 
ored with reds, yellows, and blues or compounds of these colors. The 
abdomen is slender, and the eyes are great globular bumps set far 
apart on the sides of the head. Damsel flies are not strong of wing and 
are usually found fluttering among the weeds and grasses bordering 
a stream or pond. 



DAINTY CItATUIE OF THE STCEAMS AND PONDS 

Saolhr. WKiVvr cmmb «l rtw dravgalV. Am dsincl 0/ it •qtollr Ciere* o'^ 

$omm tpetiu mf daBu«l flat ttt NwIm. Am maU VHiia piecw* oT «>* 
lo gratp IS. (roat of hi, inala't bady. Whaa d>a « ttmij ta drap har aggi. P®"' ‘****^^ 
tagariiaf into tha watmr and oat agaia along a vead tttia. Daatal flint olwjy* tt** ® 
Ihak dointf tring, hold apriglrt aaar ihair badiat. 


True dragonflies make up die other suborder, the Anisopto^ 
rhey are larger, stronger, and flcrcer than the damsel flies. Their 
two huge, compound eyes occupy most of the liead Their 
strong wings are not as slender as those of the damsel flies- The? 
love to patrol selected districts, back and forth, diasing out any 
tnider, returning from time to time to rest at a favorite observation 
post. 
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SKILLFUL HUNTERS 

Damsel flies slip quietly through the grass and weeds to scire tlieir 
prey with their feet- They feed upon mosquitoes, ^midges, and other 
small insects. The dragonfly pursues, and. by its speed and dexterity, 
overtakes and grabs its victim out of the air svitli Its six feet. Quickly 
killing its catch with its powerful jaws, it retires to a near-by perch 
to devour it. If disturbed at this time the dragonfly rarely abandons 
its meal, almost always carrying it atvay to another perch. Not only 
do the dragonflies feed upon mosquitoes, whidt provide them with 
a mere mouthful, usually eaten on die wing; tliey also capture 
honeybees, robber flies, butterflies, and otiier large insects. 

INTERESTING WAYS OF THE NYMPHS 

The nymphs, as the immature Odonau are called, live under water. 
The damsel-fly nymphs breathe by means of three long, slender, 
leaf-shaped processes, called gill plates, extending from die end of 
the abdomen, whidi extract oxygen from the ivater. Dragonfly 
nymphs employ a unique method which serves a dual purpose. Tliey 
suck water into a chamber lined widi oxygen-extracting gills, situated 
it die rear of the abdomen. This water is then suddenly expelled by 
muscular contraction. The expelled water propels the nymph for a 
considerable distance, providing a convenient means of travel. 

Most nymplis crawl or shoot themselves along on the bottom. A 
few species plow dirough the silt in seardi of live food. Still others 
dimb up and down the stalks of the water vegetation. They all have 
very peculiar, though efheient, mouth parts, and it is interesting to 
keep a few nymphs in an aquarium in order to wacdi tlicm at their 
feeding. A nymph may lie quiedy in wait for a mosquito larva or 
any other possible food, or it may approach its victim slowly. Sud- 
denly, its lower lip, armed with a pair of claspers, shoots forward on 
an extendable, armlike process, seizes die unlucky prey, and pulls it 
back to the real jaws. 


IMPORTANT DESTROYERS OF INSECTS 

The Odonata are undoubtedly a tremendous factor in controlling the 
balance of insect life. So valuable are they in mosquito control, that 
a few years ago a bill was introduced into the legislature of one of 
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our large states to build houses m which dragonflies could roost at 
night. This measure was defeated. A much more useful piece of 
legislation svould have been one against the wholesale draining of 
our ponds and su-amps, and especially against the straightening of 
our little streams, uhich has been carried on so extenshely and 
thoughtlessly by politicians who know more about the relation of 
money to totes than about the relation of insects to man, 

GIANT DRAGONFLIES OF YESTERD.kV 

The Odonata are an ancient group, dating back to that geological 
period when our coal beds tvere being laid. Perhaps at that time u 
was a larger order in number of species. Certainly in the rich, 
dank days of that age some of its members grctv to tremendous sue. 
A fossil forerunner of the present-day dragonflies has been discov- 
ered Vi-iih a wingspread of twenty-nine inches. It may have fed on the 
giant cockroaches of those days. Did the foremonm of the mosquuo 
exist at that time? And were they giants? We do not know as 
yet. 


THEIR COLORFUL DESCENDANTS 
Present-day species of Odonau are disiribuicd all over the world. 
About 4.500 have been described, with 650 of them occurring in 
North America. Let lu look at a few that an amateur might be *1^'® 
to recognize. 

The Conraon Damsel Fly, Agrton macvlatum, called CalopteTf^ 
maculata in many books, is the only easily idcnilfled damsel fly- The 
all-black wings (smoky in the female) and the metallic-green ab<i> 
men will at once place this 

The common damsel fly likes the margins of quiet broots and 
small sircams that flow through wooded areas, preferring those oseV' 
shadowed by willows or drooping sines. The males lose to rest on a 
hv the sun. slowly opening their wings, and then quicUj 
snapping them shut, as if proudly dbplaying their losely. iridesccni 
mion. They can be found throughout the eastern United Suic*- 
from Canada to Florida, and westward as far as Texas. 
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The Green Darner, Aiiax juniiu, is probably the most common of 
the dragonflies. Its shining, olive-green thoraK and brotvn abdomen, 
neatly trimmed with blue, make tliis one a handsome creature. 
Throughout the Western Hembphere, from Alaska to Panama, you 
can see it flasliing by on iu clear wings on almost any bright day 
from early spring until frost 

The warmer the day, the greater this dragonfly’s activity. Tire- 
lessly, it ranges far afield from the pond or stream where it devel- 
oped, skimming over an upland meadow or down a country lane, 
^rly in Uie morning and late at night it searclics for food. Some- 
times it joins its fellows in a great swirling mosquito-hunting party. 

A close relative, walsiughami, die Giant Green Darner, lives in 
California. Probably the largest dragonfly in the United States, it 
measures over five inches across the wing?. 

OTHER DRAGONFLIES 

Epiaeschna heros is probably the largest species found in the eastern 
part of the United States. Although a handsome species, widi its 
broim body and smoky wings, it is not as striking as Anax ;imtus. 
It ranges from Maine to tliq Dakotas, and southward to Florida and 
Texas. In its hunting it frequently blunders into houses, much to 
the confusion of die residents and itself, for it tries again and again 
to get out through the ceiling or anywhere except the place where it 
came in. 

The genus Libellula contains a number of common species. They 
are called skimmers because they fly close to the surface of the water. 
Tlie Ten-spot, Libellula pulchella, is a familiar dragonfly near al- 
most any quiet pond, from Maine to die Dakotas and south to Texas 
and Florida. It has three brownish-black spots or bands on each wing. 
These diree spots are very distinct, and nobody now knows why the 
insect is called a ten-spot. A western species. Libellula forensls, takes 
the place of the ten-spot in British Columbia and from Montana 
soudi to Arizona and California. It lacks the brown spot on the tips 
of its wings. Libellula semifasciala is similar, but its spots are smaller 
and browner. 

Plalbemis trimaculata looks very mudi like a small ten-spot, but 
iu basal spou are very much smaller. It is a long-season flier, ap- 
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pearing early in the spring and continuing until frost. It ranges from 
souiliem Canada to North Carolina, Arizona, and California. 

The Amber-tring, Perithemis domita, is one of the smaller spe- 
cies. Only the mal e has entirely amber wings; the female s wings are 
clear, except for two amber spots or bands across each wing. You 
svill find them flying in early summer. 



The genus Celilhemis also contains a number of rather nnah but 
beautiful species. Celithemis ontata has a brown patch at the ba« o 
die rear wing, epoiima sports many small spots on its yellowish 
while elisa restricts its decoration, besides die basal area, to a sin? ® 
brown spot toward the dp of each sving. 

Toward fall, red-bodied dragonflies are nouced, resting o® ^ 
ups of duck-growing weeds. These all belong to the genus 
(rum. All have clear wings, except srmicinclum, svhich has am 
wings. 



Slone Flies— Great Producers of Eggs 


I1a\'e you ever, as you walked along a rocky stream, no- 
ticed odd, squat little creatures clinging to, or crawling over, the 
stones under the waterr If you liave, you are observant, for they are 
so drably mud colored as to be easily overlooked. Tbcy are llie lar- 
\'ae, or nymphs, of the stone flies (order Plecoptera). 



Pull one of them out of the water, and you svili sec the two tail 
filaments that are among their identifying characteristics. Examine 
your catch with a hand lens, and you will see that there are two claws 
on eadi foot, and at ilie base of the 1^ there are short, hairlike 
gills. Because of tills limited gill structure, stone-fly nymphs must 
lire in nell-aersced tracer, iucli as rushing screams and cite trai’C' 
washed shores of lakes. Most of tliem feed upon the minute creatures 
called animalcules; a lew are plant eaters. 
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■\Vhcrever the nytnplis ate found, die adults, which look 
much like die nymphs, except that dicy have wings, will be foun 
resting on the foliage along die water's edge. Tliey are not suon^ 
fliers, but are often carried far from their nyrophal homes by ha'T 
winds. Bright lights attract them, so that on warm summer esenings 
you can see them flying around, or clinging to, street-liglit poles at 
are not too far from dicir regular haunts. Tlicy \ary in length om 
one-half inch to two inches. 

In die Northwest they arc Irequendy called salmon flics. ^ 
name would indicate, die nymphs of this insect are an important • 
food. Fishermen use bodi adults and nymphs for bait, and scicra 
trout flics are made in imitation of die adulu 

Since the stone fly lias sucli formidable enemies. Nature has com^ 
pcnsaied it in several v\ays. principally by making it capable o 
enormous egg production. A female may lay as many as six ihousan 
eggs. 


Cicadas, Leaf Hoppers, Aphids, and 
Scale Insects — Cloivns of Insectdom 


Xiic i.vsEcrs belonging to the order Homoptera 
a greater divenity of form than those found in any other order 
insects. All of them, large or small, parade the most fantastic, 
lesque, and douTilike bodies in all iruectdom. .All are vegetarians, 
equipped with strong, segmented beaks for the piercing of a plan 
and the sucking of its juices. 

Many are \ery small, and so inconspicuous that we are scarcely 
conscious of their presence. And the smaller they come, the 
numerous they are and the more troublesome to Tnan. as. for exam' 
pie, the aphids and the scale insects. 
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III conuost, tiiere are ilie husky cicadas, the smallest of which is 
about three-quarters of an inch long, and the weird Lantern Fly, 
which reaches three inches or more, hfaiiy arc wingless; oUicrs have 
excellent wings and know how to use lliem. Some watch us silently 
from the bushes; others inform u$ of their presence in loud and 
rasping voices. 

Although most of the Homoptera are a nuisance to man because 
they feed on tiic same plants tliat he wants, there are a few species 
Uiat he has been able to exploiL Sliellac and the red pigment called 
lake arc the products of some Asiatic scale insects. Another of the 
Homoptera secretes a honeydew in such quantity that it can be eaten 
by human beings; it fonned the manna described in the Old Testa* 
ment A Mexican spedes produces the famous cochineal dye. 

THE aClDAS AND THE SEVENTEEN- YEAR LOCUSTS 

Is there anyone so city-bound Uiat he has not heard the voice of the 
cicadas (family Cicadidae) rattling out of shrubs and trees in the 
late summer and early fall? Some of you, hearing tliem, might enjoy 
knowing one little piece of cicada biology, (he fact that only the 
males sing. An old Greek wisecrack declares: 

"Happy be the cicadas' lives. 

For they have voiceless wives.” 

The cicada is not always too happy, however, for his voice is his 
undoing. English sparrows, and otJicr birds, too, have learned to con- 
nect tins raucous singing with a nice, large, juicy morsel of food. 
Hearing the racket, the sparrosv will fly to U»e spot from which the 
sound comes, and, if quick enough, will seize the cicada, tear off its 
wings, and devour tlic body. The singing also attracts another enemy, 
the tiv'o-footed human collector, or cicadaist. for cicadas make a most 
attractive collection. 


COLLECTING CICADAS 

Since the average human collector is clumsier than an English spar- 
row. he svill need to use all his equipment of vision, dexterity, and 
patience, especially patience. You will find it very exasperating, for 
instance, to see a fine example of a cicada casually drumming over- 
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head, just out of rcadi of your ncL Wait patiently: tlic cicada aftn 
repealing his routine several times is likely to take wing for another 
station. If you arc fortunate, you will be able to net him on the wing- 
It is also very possible that the cicada may aliglit on a more reacha- 
ble spot. W'hile collecting in Guatemala, tlic author svas intrigued by 
a giant cicada tliat made a voluminous racket, but found it impossi- 
ble to capture a single one, in spite of all his efforts. Esen an offer 
of the equixalent of a United States nickel to the quick. keen-e)ed 
Mayan children of the locality for each cicada lliey caught brought 
in only one. Tlie insects were just loo hard to catcli. 

On anotlier occasion, in Peru, on the headwaters of the ^kmaion, 
Uic author liad great diflkuliy in collecting specimens of a Urge 
species with a call like a distant locomotive whistle. This call was a 
most elusive sound, heard just at dusk, and then only for a short 
period, for twilight is very brief in these equatorial regions. The 
natives fear thu sound, believing that it foretells the imminent death 
of someone in the vicinity, and will liave nothing to do with these 
insects. Only by accident was U possible to secure a few samples ®f 
ihb interesting insect, as when one blundered into tlte collecting 
lamp, or hit Uie reHecLing sheet and tumbled to the ground. 

THE VOICE OF THE CJC/\DA ’ 

Male cicadas possess a pair of sound chambers, one on each side, on 
the under, or ventral, surface at the base of the abdomen. Over each 
of these is stretched a membranous pUic whidi the insert vibrato 
in order to produce his characteristic call. The body walls and the 
wings probably aid as sounding boards. Different spcdcs produce 
different calls, those in the United States usually having shrill ot 
rackety voices. One in Ceylon is weU named the "knife gTindcr- 
Some of them are even muskal: harplike in Greece. bell-Uke in 

Egypt- 

The female cicada has no apparent ears, as have some of the Or- 
tlioptcra. If, as is thought, however, the cicada song is a sexual oil. 
she must be able to receive the vibrations somehow. This could be 
accomplished by means of her body walls, although not as well a$ 
by a spedalued pan of the body. 

The Seventecn-jear Cicada, Magidcada seplendedm, is the most re- 
markable species in the United States. It is frequently, but incur- 
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redly, called tlie sevcntecn-year locust. Among die longest-lived oE 
the insects, it requires seventeen years for its life c)'cle. 

How THE Eccs Are Laid. The eggs are inserted by the 

mother, widi the aid of her sharp ovipositor, in the twigs oE trees or 
shrubs. 5he then partially seven the twig near the base by repeatedly 
punduring it with her beak in order to check the growth of the plant 
tissue. You can pick out these twigs very easily in the late summer 
by the browning oE the leaves and die drooping of the brandi. IE 
the modier did not do this, the healthy g;TOWth of the plant would 
seal in the eggs so cSedively as to prevent die escape oE the little 
nymphs. 

^The Nvmpu Burrows for Food. When hatched a few weeks 

later, die nymph leaps or drops to the ground and immediately 
starts to burrow in. Locating a tree roodet, it sinks its beak into the 
tissue and starts its seventeen years' existence underground. Burrow- 
ing by means of its powerful, shovel-like, front leer, it travels from 
root to root, stopping to feed in favorable places until it is full 
grown, seventeen years old, and ready to "come out." 

——Out of the Ground at Last. Now fat and about an inch 
long, looking very much like a brownish cicada without wings, but 
with functionless wing pads, the insea works iu way to die surface. 
Once in die open air, it ascends the nearest tree trunk for a short 
distance, fastens its claws firmly in the bark, and awaits the change 
Into a winged adult. Its skin splits down its back, and out wriggles a 
pale, anemic-looking creature widi sliriveled wings. Soon, however, 
the wings begin to expand as the lifeblood flows through their veins. 
The pale color darkens, and the brilliant reds, yellows, browns, and 
greens blossom out. 

The complete tramfonnation requires several hours. During this 
period the insect is helpless, and many succumb to plundering ani- 
mals. Even the weather takes its toll. Sharp rains and heavy winds 
dash many to tlie ground, while very dry weather will dry out the 
wings before they are properly spread. During sudi a dry season, 
you will often see helpless individuals with shriveled wings crawling 
on the ground 

Where Seventeen-Year Cicadas Are Found. Scattered over 

the eastern part of the United States are a number of broods of 
the seventeen-year cicada whidi cmoinologisis, the scientists who 
study insects, hav'e carefully plotted as to location and tabulated as 
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to )ear of emcrsciice. Naturallf. there arc some years when many 
broods emerge, and some years with few or none. If you Ihe in the 
East, your nearest entomologist or naturalist can tell you s\hcre and 
tvhen to loot for the coming-out party of tliese extraordinary cea- 
turcs. 



THE StVENTCeN-TEAl CICADA AND IIS TWO LIVES 


If you li>e in the South, you will £nd the same cicadas, and plo^ 
of them; but here they cannot be called seventeen-year dcadas. 
cause in the warmer climaic they require only thirteen yean ti> 
complete their life cycle. 


OTHER CICADAS 

About 1,500 species of cicada are kno\»-n in the world, about 
hundred of them in North Amerio. Among these are several speoe* 
all looking pretty much alike, and all familiar to us under the com- 
mon name of dc^-day hanest flies. or, mcorrccily. locu«*- 

The adults of some spedes are much larger than those of 
sevemecn-ycar spedes and appear much later, in late summer and 
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fall. Their habits and life histories are much the same as those of 
the sevcnieen-)ear cicadas, except that they require only two years 
for their development. 

Ill the southwestern United States Uve a number of species, many 
much smaller, same having a wingspread of less than two indies. As 
if to match tJicir smaller size, their voices are weaker, many produc- 
ing nothing louder than a faint "z-z-zip-p-p,*' very mudi like a grass- 
hopper's rasp, or the rattle of a distant rattlesnake. 

LANTERN FLIJCS-QUEEREST OF ALL BUGS 

This family (Fulgoridae) contains some of tlie queerest of all of the 
bugs. Tops in the family is undoubtedly Fulgora faritemarici, which, 
togcUicr with several closely related and very similar species, is 
widely distributed throughout the American tropics. The lantern fly 
is also called the alligator bug and the peanut bug, because of the 
curious prolongation of its head, which resembles an alligator head, 
or a peanut. This head is a hollow. shelMike structure which seems 
to have no purpose at all. None of the many suggested purposes 
seem to have any auiheneic basis. 

Besides being the most grotesque, the lantern fly is also the largest 
in the order. It is about three inches long and has a wing expanse 
double its length. 


HOW THEY WERE NAMED 

The first of these insects known came to the early Swiss entomolo- 
gist, Maria Sibylla de Merian, in a little box, which she placed on 
her study table. During the night, she heard a great commotion in 
Uie box. Fearing that the insects might escape, she leaped out of bed 
to look after them. ^Vhen she opened the box she was astonished to 
lee the heads of these curious creatures all aglow. The next day, 
when she described the insects, sire gave them the name Fulgora 
lantemaria, from Fulgora, the Roman goddess of lightning, and lan- 
temaria, meaning "a lantern." Since tlien no other observer has ever 
seen a lantern fly with a luminous head. 




THE GRE;\T IwVNTERN FLY MYSTERY 

There is no questioning the accuracy of this scliolars observation^ 
for she was ahva)S meticulous in her writing. The insects she a 
were undoubtedly actually luminous. Why U»cy were so we can on y 
guess. While collecting in the tropics, the author often kept lantern 
flies alive for a few days, to see if a glow could be detected on Uieni 
at night, but none was ever seen. This is just anotlicr of those un 
solved problems liiat await some careful observer who will cxanun« 
a great many lantern flics under many different conditions. 

Another question about these insccu that needs investigation n 
whether Uiey bite human beings, and, if so. how serious the woun 
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is. All tlirougli the tropical parts of Soutii America, and particularly 
along Uic headwaters of the Amazon, the natives are positive that the 
bite of a lantern fly means certain death within hours. The author 
has been shown and has brought back from the jungles of Peru indi> 
viduals that ncre supposed to have bitten people, all of whom died 
witliin a short time. 

It is true that lantern flies, like tlie cicadas, have strong beaks, 
fitted for puncturing and sucking tlie sap from twigs. Some close 
relatives among die Memiptera are able to puncture the skin and in- 
dict exceedingly painful wounds, as the author can voudi for from 
personal experience. He has )et, however, to be bitten by eitlier a 
lantern fly or a cicada, although he has liandled hundreds of living 
and very active individuals. 

Nevertheless, die Peruvian Indian has a very real fear of these 
insects. It is also a curious fact that all through the Amazonian jun- 
gles die nathe medicine man carries one or two lantern flies in his 
bag of tricks or fetishes, and sometimes he has an additional supply 
speared on a palm spike stuck up under the eaves of his hut. 

STILVNCE STREAMERS 

There are several other species of large fulgorids in the American 
tropics, all peculiar in shape and habits. A number of them secrete a 
thick, waxy substance wliidi hardens in die air and frequently trails 
out behind in whitish streamers two or three inches long. In flight 
these streamers look like tails, making the bug resemble a Hying 
bird, although much slower in speed. The way in which these waxen 
strands serse the insect is unknown. Perhaps they protect it by filling 
the moudi of any pursuing hunter with something unpalatable. 

LANTERN FLIES IN THE UNITED STATES 

In the United States, there are no large members of the family. All 
are small, one-half inch or less in size, but rather peculiar in shape, 
exceeded in dm respect by only one other family, the Membracidac, 
to which ne will come very shortly. 

Two common species are tvidely distributed. Scoloj>s sulcipes, a 
dark-gray Insect with a long, slender extension of the front of the 
head, can be swept in a net from wet grassy meadows. Acanaloiita 
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bivittata is a grcenhli insect, ailliougli some of Uiem are pinkisii* 
like the pink katydids. Less than half an inch in Icngili, they ha»e 
heads Uiat arc ordinary in shape and size; their e)C$ are large, and 
their wings very large, so that in flight they look like small moths. At 
rest, they hold their wings like tents over their tiny bodies. You v-dl 
have to stand very still to observe ilicra at rest, for they are wary 
little fellows, keen on playing hide-and-seek with you among the 
twigs and brandies. 

A few species can do some little damage to the particular agricu • 
tural crop on which Uicy feed. M a rule llicy arc not numcrouJ 
enough to do any widespread damage, possibly because ilicy are 
limited in their choice of food and occur only in rather widely sepa- 
rated spots throughout tlieir geographical range. 

TREE HOPPERS-COM1C.U. UTTLE HOBCOBUXS 

The tree hoppen (family Membracidac) depend for ilicir ludicroa* 
effects, not on iheir head shapes, which are norma), but rathc^** 
curious distortions of the prothorax (that part of the insect's body 
that lies between its head and its wings). Some are adorned by • 
thomlike projection, half as long as the insect itself; some have two 
thorns. In others the proiborax is swelled up out of all reason to loo 
like a shield, a crag, or a pup tent. To get real amusement out o 
tliem, you need only to look at a lew species, head on or in profile, 
through a loiv-power microscope. 

•Unlike the lantern flies, none of the tree hoppers, not even the 
tropical species, go in for large size; most of them are about half a** 
inch in length. Almost every color is represented in the family, mos* 
of the North American species come in the various shades of green 
and brown. 

^^any are very sociable, feeding together on a tivig or branch like a 
flock of tiny sheep. The immature and the adults frequently 
together. When you approach them, all will dodge around to the 
opposite side of their branch or leat Go closer and you will see the 
adults hop off and then fly to some near-by tree or shrub. 

'^e female lays her eggs by means of a sharp and powerful o'a 
positor vvhich places them well into the tissue of die plant on whi 
her species usually feeds. The insertion of the eggs sometimes does 
as much damage to tlie plant as does the actual feeding of the in- 
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sects. One species, the BufTalo Tree Hopper, Ccrcsii bubalus, some- 
times does considerable harm to young apple trees by depositing iu 
eggs in sudi a manner as to kill or stunt die branches. 



INfMY Of THE APflE TREE 
TK* kulfole tt>« h»pp*r it en» ef a 
lorg* family al walt^-laeUng laucfi, 
all tihall, ell hr^lng varleiii tii pr> 
Ivbaraneti ar nralllKpi eba<a ikt htad 
«tii taiwaan lha wingt. In ifii lumrnar 
yev can llnd tema tlnd af un happar 
•n almait any plant ar irnt. laak lar 
Ikt buflela tr»a kappar an appla traai. 

ika neat' tariaai huH. 


LEr\F HOPPERS AND SHARPSHOOTERS 

Comprising a large family (Cicadellidae) of small, torpedo-shaped 
bugs, these insects are abundant in all vegeuted areas throughout 
the world. They feed more upon the foliage or very soft tissues oi 
plants or low weeds and grasses than on die tougli-fibercd shrubs and 
trees. They do not adopt exaggerated sliapes, but sometimes do svear 
bright colors, although most are green or greenish yellow. None ol 
the Nordi American species are very large, seldom measuring over 
half an inch. 

Many species feed upon culdvated crops, and when numerous 
enough become serious pests. Some carry plant diseases from one 
plant to another, thus causing greater damage dian they do by feed- 
ing on die sap. 

They are lively little bugs, dodging around the plant stems, en- 
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lirely conridem dial if )qu approacli too close a hop will carry them 
beyond your rcadi. Sweep your net over any summer meadow, an 
you svill collect more species of leaf hoppers than you would ha\c 
supposed existed. 


FROGHOPPERS, OR SPITTLE BUGS 

The summer wanderer in grassy meadows, weedy fields, or yoimg 
woodlands has undoubtedly met these insects, at least indirectly. ^ 
may nescr notice the bugs tliemsclves. but he certainly will see f 
frotliy homes of their young, little blobs of spittle fastened to grass 
or tender plant stems. 



A SriTTlE BUO AND ITS HOUSE OF BUBBLES 

Tlw )rM>ng >{mM* bug buOdt itMlI • bo«> si bubbln M »*• pto®* ^ 

ea» »ck tk* iuket 'ui cmparolh.* Mhly. Tbc odvb it b hboA BMitr ^ 

er*«a iraect u>bSck {Im aiMnd of bops opoo rt. 

If you are \cry careful, you can scrape away the mass of bubbly 
and discoser, situng astride the stem, a little pale-green 
that looLs somesshat like a tiny frog. This is the fellow responsib® 
for the mass of spittle. 

Hour after hour, wdih its beak buried in tJie plant, the frogb^^PP^ 
sucks the sap for food. Lashing its UtUe uU. it exudes a soapy 
into which it pumps air by means of a curious bellows-like appara^ 
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in iu abdomen. As the bubbles are formed, the insect puIJs and 
pushes them over itself in an orderly fashion until its soft body is 
completely covered. 

For a vivid account of Iiuw one man got interested in the spittle 
bugs in his own back yard, and how he waidicd one build and re- 
build its tiny house, you should read the chapter called "The Home 
of Bubbles" in Edwin Way Teale s Near Horizotis, 

The young (or nymph) of die froghopper spends its entire life of 
several weeks in this manner. After its flnal molt it leaves Uiis pro- 
tection and becomes another hopping bug, very much like tlie other 
hoppers we have just discussed. Tlicre arc few species of tliis family 
(Cercopidae), and all of tliem are tjuJie small. 

APHIDS, OR PLANT LICE- 
OUR INTERESTING LITTLE ENEMIES 

Everyone interested in plaim, from the farmer with hundreds of 
aaes of crops, the urchardisi. and the greenhouse grower, down to 
the apartment dweller witli a potted plant or a window box, has met 
and tried to destroy the little pests known as plant lice. They are ex- 
tremely dangerous to all kinds of plant life. 

Many of these insects arc unaiuactivc or even repulsive to look at, 
but some of them are rather lovely, especially In liieir winged form, 
and some arc decidedly odd. They all have interesting, even puz- 
zling, life histories. Some entomologists have divided the aphids into 
four families, but for ibis brief discussion wc can safely lump them 
all into one cominun family, Aphididac. 

There aie many species, and in some cases many forms of a spe- 
cies. Most of our northern sitecics pass the winter as eggs stuck in the 
crevices of baik, or oUier protected parts of plants. When spring 
comes, the eggs hatch. The little aphids start to feed. In three oi 
four days each of these aphids, for every one of them is a female, 
produces a number of living young. A few more days and these latter 
are also producing living young. This meiliod of reproduction is 
known as agamic, or asexual, and die females are called stem mothers. 

If food becomes scarce, or sometimes for reasons no one seems to 
know, a generation of winged forms may be produced. These feed 
(or a few days, then take wing and fly u> new localities, sometimes to 
a different kind of plant. Here the whole life process is repeated. A 
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number of Uicse winged broods may appear during the course of a 
summer. 

Wiih Uic approadi of fall and the general slow ing up of all Nature, 
a new miracle ukcs place. Completely developed maia and femalrs 
appear. Tlicse are nearly aluays winged. They nute; fly off, and lay 
their e^ in the croices of their fatored planu. 

HOW APHIDS SERVE AS “ANT COWS" 

\Vherescr jou find aphids on outdoor plants you are pretty ceruia 
to find ants. For, as nearly all gardeners know, ants like to drink tbJ 
sweetish liquid which the aphids exude. Whenocr the aphids a« 
feeding they pass out dropleu tlirough two small tubes near the up 
of the abdomen. This secretion is called honeydewr because, if h “ 
not gathered by the ants, it falls on the leases like dew. If there is a 
scarcity of nectar in flowen. honeybees will frequently gather the 
honeydew instead. Honeydew does not make good honey, for ^ ** 
thin and soun quickly. 

So fond hase ants become of this honeydew that many close as^ 
dadons hate developed between eeruin spedes of ants and certain 
spedcs of aphids. Not only do the ants benefit, but the aphids art 
relieved of a material that in time would bog them down. This tnu 
uially beneficial assodadon ts knnwn minTn p ntalUTTL. 

A remarkable case of this sort is that of the Com-rooi Aphid. 
maidi-Tadicis. and an ant, Letius niger. In the fall, the ants gath^ 
the aphid eggs as Cast as they are deposited, carefully storing tb£« 
eggs in the most suitable parts of their underground chambers- Dnr 
ing the winter, they move the eggs from place to place as the w cadicr 
""hen the eggs start to hatch in the spring, the ants cany 
the litde aphids to chambers along the roots of weeds and plat* 
them carefully on their tempoiary food plant. As soon as corn has 
been planted and is sprouting, the ants mote the aphids to the c^ 
roots, which are their preferred food. Here, their careful tending 
of the aphids pays off. and the ams tan gather plenrv of 03 ™-**"* 
honeydew. 

Aphids are frequendy referred to as “ant cows." and weU ibeT 
imght be, u the case just mentioned proves. In some spedes of aphids 
that feed in an exposed situadoo. the ants not only tend their O'cs 
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by milking tlicin, they also protect them by driving away various 
hunters, sudi as aphid Hons and lady beetles. 

THE APHIDS DEADUEST FOE 

From one enemy, the ants seem unable to protect tlieir "cows.” This 
enemy is the Chalcid Fly. Examine any colony of aphids and )ou will 
almost ccruinly see more than one individual that is only an empty 
sh^ll of an aphid, with a smalt round hole in its back. A tiny grub has 
been feeding within the living aphid. Hatdied from an egg laid by an 
adult rhalcid ^yon the body of an aphid, it has fed. pupated, and esen- 
tually emerged Uirough the round hole to fly away and parasitize other 
aphids. 

Aliliuugh die aphids do not produce many young or lay many eggs 
at a time, their life c>clc is so short, and the generations are so fre- 
quent, that, if it were not for their numerous enemies, Uiey could 
in a very short time overrun the world and destroy all plane life, 
it has been estimated that, if tfiey met with no accidenu, the progeny 
of a single plant louse would amount In a single season to several 
million individuals. Before that suggering statistic one can only say. 
Be Uiankful for chalcid flics. 

MEiiLY BUGS, SOFT-SCALE, AND SCALE INSECTS 

This is a large and complex family of homoplerous insects. It is such 
a diverse collection of odd and curious creatures Uiat present-day 
entomologists, instead of considering it as a single family with three 
principal subfamilies, regard it os a superfamiiy, Coccoidea, break- 
ing it up into at feast nine families. Since we shall concern ourselves 
here witli only a few of the most important members of tiiis group, 
ive can safely adhere to the old classification, family Coccidae. 

The Coccidae are all plant feeders, sucking the juices of the plants 
upon which they feed. Practically all plants are attacked by one or 
more species of these Insects. Since many of them do great damage to 
plants that are useful to man, the family is universally condemned. 
TJjcre are, however, a number of spates of considerable value to man 
because they possess certain secretions which he has been able to 
utilize. 
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MEALY BUGS 

Mealy bugs arc in constant conflict with mankind because they like 
so many of the plants that man likes. They are soft-bodied creatures, 
less than a quarter of an inch long, o\al in shape, and flat. A svaxy 
coating, svhich covers the entire insect, makes them Icwk, as if they 
bad been dusted ivith flour. Some of these insects have neatly notched 
edges. In most species the males have wings, but the females are 
rvingless. Although able to move about somewhat, mealy bugs gen- 
erally cling closely to the surface where they feed. 

The Citrus Mealy Bug, Pseudococ£us chri, is one of the most com- 
mon of the several spedes that are found on greenhouse plants. As its 
nam e indicates, it is particularly partial to plants of the citrus family, 
but it can be found upon amty of our household plants, especially 
those with lender, juicy stalks and leaves. A closely related species, 
longtspmojus^ is also common on bouse planu. Both of these species 
are U'idely distributed. The females deposit their eggs under the 
body in a mass of sticky or waxy threads. So large does this pile be- 
come, that the adult has to stand on its head to continue to feed. 

Maple trees hate a mealy bug, Phenecoccus acericoia, which at- 
tacks tlie leases, sometimes doing considerable damage. It b light 
) ellow, and is covered w'iih a mau of stringy v> bite wax. 

CXDCHINEAL INSECTS 

The Cochineal Scale, Coccus cacti, was for many yean the source of 
some of our most beautiful red and orange dyes. It lives In Uie drier 
regions of Mexico and the adjoining area as far south as Peru, 
vtherever its food, the nopal and similar species of the opuntia caaus. 
is found. 

Tlie adult, male, cochineal insect is small, white-winged, incapable 
of eating, and is very rare- The female is larger, wingless, reddish, 
and numerous enough to cover the caaus plants on which it feeds. 

The dye is made from the dried bodies of Uie females; seventy 
thousand of them are required to itiake one pound. Long before the 
Arrival of the Spanish in tlie .Americas, the Indians had learned how 
lo produce the beautiful dyes. The Spanish quickly recognised the 
commercial value o! the cochineal and demanded great quantities of 
it as tribute. For three hundred yean or more, die gathering and ex- 
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porting of cocluiical was an important industry. But after the intro* 
diiction of incxpcnsKc aniline dyes, die comnicrcia] use of cochineal 
practically disappeared, except for die small amounts used for color* 
ing cosmetics, foods, and drinks. 

TffE SffELL/lC INSECTS 

The Indian hac Insect, Carleria hcca, is dte most valuabic of tiie 
scale insects. In the course of its scientific naming it has been placed 
in a number of genera. Readers may find it under Coccus or Tacitar- 
dta, as well as others. Z.um/cr seems to be the one in use at the pres* 
cm lime. The insects range user an cxtcnsisc area, from India and 
Ceylon eastward through Indo-Qiina, Formosa, Uie riiilippine Is* 
lands, and doivn into the East Indies. They feed upon a great variety 
of planu, but seem to prefer the native banyan and oilier native ftg 
trees. 

The males arc tiny insects, either winged or wingless. The females 
are larger, but arc encased in such a mass of wax as to be scarcely 
noticeable. In fact, if there are a number of insects close together, 
the gummy excretions become so great as to completely engulf the 
insects and surround the entire twig to a thickness of three-eighths to 
half an inch. 

To prepare the lac. these twigs arc cut off and boiled in water. 
The lac separates and rises to die top. After being refined, it ap- 
pears commercially as shell-lac or shellac. Average annual production 
is about four million pounds. Although a number of substitute prod- 
ucts have been developed, none of diem begin to approach the 
quality of the natural material. 

THE MANNA INSECTS 

The Tamarisk Manna Scale, Tniburtna mannipara (also called Coc- 
cus manniparus), produces the famous "manna of the wilderness." 
This is the food mentioned in the Bible as appearing miraculously to 
the Israelites during their journey to the Promised Land. The insects 
feed on two species of die tamarisk shrub or tree, Tamarix manni/era 
and gallica, whidi grow in parts of Asia Minor and Iraq. The fe- 
males secrete large amounts ol honeydew, which, coating die leaves 
and ground, accumulates in this arid country into a thickened layer 
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called manna- It is a s^ceet substance containing a high percentage of 
sugar. Manna is still collected by the Arabs of the Sinai Mountains 
and used as a substitute for sugar. 

SO.ME INJURIOUS SOFT-SCALE INSECTS 

The soft-scale group contains the giants of the Coccidae. They usually 
have curved or rounded exteriors, tvith a tvaxy cohering, and no very 
distinct hard, scaly cohering. 

The Cottony Scale, Pulvinaria innumerabiliSf is the most common 
scale found on maple, elm, Virginia creeper, grape, and a number of 
other plants. So plentiful is it at times that the honc^detv dropping 
from the trees coats everything beneath uith the sticky mess. T^is is 
quickly turned black by an interesting fungus uhich grows upon it. 
The ootiony fungus material covers the eggs and protects the insect 
from its enemies. 

Tlie genus £ulece>iium contains a number of species which do con- 
siderable damage. Among them are tuUpifera^, tvbicb is found on the 
tulip tree and the magnolia and b the largest scale insect in North 
America: nigrofasdalum, the dreaded Terrapin Scale, that attacks 
many fruit trees but particularly the peach; and prutnosum, the com- 
mon frosted Scale, found on a variety of fruit and forest trees. 

The Chinese ^yax Scale, Ericenu pe-la, U famous for the white wax 
secreted by the male insect. Thb wax b used for making candles 
and many other purposes. Before World ^V'ar II nearly three thou- 
sand tons were produced annually, most of it coining from the region 
of Shantung, China. Other areas alw produce some wax, for this 
scale insect b found throughout a large part of China and Japan. 
In many places the natives rear the wax insects, carefully protecting 
them during the winter, and then carry them long distances to pas- 
ture them out on suitable planu in fovoiable places. 

HARIWCALE INSECTS 

The true scale insects are those that arc covered with a hard coating 
or shell, which u composni of Uie insect's molted skins cemented 
together with secretions from the body. For thit reason, they are fre- 
quently called armored s c al es. The species are numerous, and we 
shall mention only a few of the roost noublc. 
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The San Jose Scale, Aspidiotus pemtciosus, is one of the most serious 
scale pests that attack our fruit and forest trees. This insect is cir 
cular in shape and so small as to be easily overlooked until a tree is 
heavily infested. By that time the tree has a roughened or scaly 
appearance. When this rough surface is scraped with a knife, a yel* 
lowish secretion is pressed out, coming from the crushed insects. The 
San Jose scale has undoubtedly come to us from Asia. It was lirsc 
noticed in California in 1880, but now has spread to nearly all parts 
of the country. 

The Oyster'sbell Scale, Lepidosapbes ulmt, is a common pest on trees 
and shrubs of die more temperate regions. A native of eastern Asia, 
it has been carried to the (our comers of the world on ornamental 
plants and fruit trees. From these Eastern importations, the insects 
have spread to many of our native plants, which have suffered greatly 
because of their lack of resisunce to this strange, invading enemy. 
This scale is well named, its hard, slielMike covering looking very 
much like a tiny oyster shell. 

The Purple Scale, Lepidosapbes beckii, and Glover's Scale, glo- 
verii, are also two Old World species which have spread by means 
of citrus stock to most of the citrus growing regions. The Mediter- 
ranean Fig Scale, ficus, is a pest in ifie fig-growing areas around the 
Mediterranean Sea. It has recently managed to reach and become 
established in the fig-growing regions of California. 

There are many other species, for this is undoubtedly the largest 
group of the Coccidae. Since the family is of such great economic 
importance, 3 great deal has been written concerning it. 
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thorax, with the openings near the base ot its hind legs. When fright- 
ened, the bug opens the s-alves of the glands and floods its s'hole 
neighborhood- This vilc-smelling and snle-iasting spray undoubtedly 
protttts the stlnkbug from insect-eating birds and animals. Since 
many of the peniatomids are brilliantly colored, it is thought that 
their brigfit imlors have developed as a tvanting signal that this crea- 
ture is not good to eat. Birds and animals after a few bad experi- 
ences may leant to associate bright colors with a nasty taste. An ad- 
ditional argument in support of thU theory is the fact that many 
brightly colored inseas in widely scattered orders also have a disa- 
greeable seaetion that they exude when disturbed. 

The peniatomids make up one of the largest of the families of the 
Hcmipteia. In North America, there are some two hundred species, 
while the world boasts nearly five thousand. Some found in the trop- 
its reads a length of one and a half inches. 

The penutomids axe divide! in their choice of foods. Some of 
them are vegetarians, sucking the sap of plants with their piercing 
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beaks. A large number, however, feed upon a great variety of insects. 
They regard caterpillars as a delightful meal. It is a common siglit to 
see a caterpillar impaled on die beak of a flesh-eating stinkbug. When 
disturbed, the bug will seldom abandon its meal, but, like a puppy 
with a gigantic bone in its mouUi, will calmly stalk away with the 
caterpillar sticking out at right angles. 

Many of the carnivorous species belong to the genus Podisus. Some 
of these have the pronotum (the cover just be/iind the head) extended 
in a sharp spine on either side. Members of sap-feeding species, die 
Drochytnena, are broad and rough, usually brownish or dark gray. 
I'hey are found on the trunks and branches of trees, where they 
look like loose flakes of bark. It takes slurp eyes to discover them. 
Several large species, slightly over half an inch long, are bright 
green in color. They usually belong to the genus Acroslernum. An* 
other green species with yellow side margins and a yellow-tipped 
scuiellum is Chhrocliroa uhleri. 

THIS STINKDUG DINES ON VEGETABLES 

The Harlequin Cabbage Bug, ftfurgantia histuonha, a shining black 
or blue creature conspicuously marked with red, is in high dis- 
favor tvith fanners because of the damage it does to crops. lu nor- 
mal food was wild species of the mustard family of plants, and tvas 
never very plentiful. However, with the planting by die white man of 
enormous Reids of cabbage, cauliflower, and related plants, and the 
smaller gardens of radishes and turnips, the insect has found an 
abundance of food available for it 

Gardeners have applied to it numerous names, some of which can. 
not bear repeating, but tlie commonest arc harlequin cabbage bug, 
firebug, calicoback, and terrapin bug. The adult hibernates under 
rubbish, ready to sally forth as soon as young cabbage plants arc set 
out in die spring, ft feeds on diese while laying its eggs in a double 
row'. Tlie eggs look like little baircls all sunding on end and gaily 
decorated with two black bands and a white spot. 


SHIELD BUGS 

Closely related to the scinkbugs, tlie sliicid bugs (family ScutcL 
Icridac) wear a scuiellum, or sldcld, so greatly cniargcif that it cov. 
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cn practically the entire insect. The wings are tucked away under 
this covering, so that only their edges show. How does the insea 
ever manage to stow away its wings? Perhaps some day you may be 
fortunate enough to watch one. 

The family is not large, but its few spedes range throughout the 
world. Many of them are brightly colored, particularly those found 
in the warmer cotmtries. They arc plant eaters, and many seem to 
prefer plants growing in wet, open places, where, with the full ben- 
efit of the sun upon their yellow, red, and blue ba ck s, they glisten 
like little jewels. 


NEGRO, OR BURRO\VIN*G BUGS 

This iiuea (famOy Cy-dnidae) is a smaller ediiioa of the shield bug. 
Some of them are shiny black, and these are called Negro bugs. They 
look like small black hemispherical beetles and frequently fool the 
untrained obserrer. One has to look carefully to detemine whether 
the shining back is all in one piece (called the scutellum), a feature 
which would place the insea In the Cydnidae group, or whether it is 
really split down the center to form the two elytra, or wing cases, of 
a beetle. 

Their other common name, burrowing bugs, comes from the faa 
that these bugs are often found under stones. There are not many 
known spedes in the family. All feed on plants. 


SQUASH BUGS 

.\ large family of bugs, the squash bugs have more lengthened shapes 
than the pentatomids but arc equally foul in flavor. Since they also 
love to promenade about on bc^es. one frequently knov«-s of them 
by taste rather than by sight. 

Most of this family (Coretdae} are plant eaters. Of these, a famil- 
iar example u the squash bug. /fnosa triilu, from which the family 
geu iu common name. It is dark brown, speckled v»ith lighter brown- 
The very young are black, g^ily decorated with red on tlicir legs, 
head, and Uic front of the thorax. They lose tlieir decorations as they 
grow older. The young tend to congregate, feeding like a herd of 
cows out to pasture. 

August sees tlic first of the adults, which feed singly and usually 
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at night, and hide during the day under rubbish. As die colder days 
oE iall approach, and most of the squash plants have died, the bugs 
ily oS to winter in a permanent accumulation oE rubbish or old 
leaves. With the arrival of summer weatlier the following year, they 
seek out young squash plants on which to lay irregular dusters of 
oval, dark-yellow eggs. Here again, man’s planting of extensive fields 
of squash and melon plants makes beautiful feeding grounds for 
squash bugs. 

A smaller species than Antua, light brown in color, with a flat, 
dilated area, a leaflike expansion, on each antenna, probably is 
Charicjlems anleyinalor. 

Species of Uie genus Alydus are largely animals that prey on oth- 
ers. They are slender, with a row of spines on the hind femora 
(upper parts of the legs). Larger species also having spines on tlje 
hind femora, ivitii cylindrical hind tibiae (second parts of tlie legs), 
belong to the genera Euthochtha and Archimerus. In Uie genera 
Leploghssus and AeanihocepkaUt, die hind tibiae, instead of being 
cylindrical, are expanded into leafllke dilations, and members of this 
group are called leaf-footed bugs. Some of the tropical species are 
quite large, with huge dilated areas on their legs. Their brilliant 
color, as they stalk along, warns all comers, ”1 am a bad bug, leave 
me alone." 


GRASS BUGS 

Although the grass bugs are a small family (Corizidae), many of the 
species are cosmopolitan in distribution. They usually feed upon 
grasses or low tve^s and often occur in unbelievable numbers. In 
general, they resemble tlie Coreidae, the family svith which they svere 
formerly grouped. 

One very common North American species, the Black and Red Box 
Elder Bug Leptocoris ttivUtatis, fee^ on the leaves and young 
seeds of box elders and maples. 


CHINCH BUGS 

These are long, soft-bodied bugs (family Lygacidae), which suck 
the sap of plants. The most publicized one, which many of us have 
never seen (altliougli sve may have contributed to its control through 
taxes), is the common Chinch Bug, Blisius leiicopletus. This insect 
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exacts a tremendous toll in the damage it does to com and other small 
grains, as well as grasses, paruailarly in the central United States. 

Like so many of our pests, the chinch bug b small, measuring only 
about a quarter of an inch long. It has a black body iviih white mark- 
ings on tliorax and wings, red legs, and red at ilie base of the an- 
tennae. 

The adults sleep arcay the winter under dry leaves or similar 
\egctation. When they emerge in the spring, the female lays up to 
five hundred liny yellowish-white eggs on the roots or at the base 
of the sulk of young grain. The eggs quickly hatch, and the young, 
which may be cither bright red or yellow marked wiili bror\n, start 
to work sucking on the juices of Uic tender plants. The stalks dwin- 
dle in growlli, turn yellow, and frequently die. By early summer, tJiis 
first brood has reached maturity. They start laying their eggs on com 
if it U available. By late August or September, this second brood 
has descloped. and as adults are seeking winter quarters in grass 
clumps or rubbish. 

Adult cliindi bugs are of tw'o forms, the short-winged one that can- 
not fiy, and the long-winged, or normal form, which can fiy but seldom 
does, preferring to walk. Tlie long-winged chinch bug is more numer- 
ous in the Mississippi Valley, while the shon-winged form seems to 
uke over in the souiliem sutes, on the eastern seaboard, and along 
the Great Lakes. 

Several species of larger size arc prettily colored in black with red 
lines. Lygaeus kalmii, for example, has a red basal area on the thorax 
and lines of red on the wings forming a cross on the back. Oncopellus 
fascuiius is larger, bright red with a black spot on die center of the 
diorax, and a broad black band across die wings at about die mid- 
dle. Myodochus serripes presents an odd sight with its long, thin neck, 
and its long, club-sliaped antennae waving as it runs about on the 
ground. It prefers rather open meadows, where it is quite at home 
among the stones and trash. 


FIREBUGS 

iVs both the common name and the scientific name (Pyrrhocoridae) 
of thu family indicate, diese insects are largely fiery in color. Tlie red 
markings may be warning sigtuls to insect-eating enemies that Uiey 
are not good eating. 
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Most of the members of this family are tropical. One of Uie nortit* 
em species, Euryopthalmus stica'nctuSj is believed by some people 
to feed upon the cottony<ushion scale, a scale insect ivhich infests 
the orange and oilier plants. Other aulliorities disagree, saying that 
it feeds on plant juices, fn any case, it is a beautiful Insect dressed 
in brownish-black above, trimmed ihrougliout ivith red. Underneath, 
it is covered witli brilliant blue iiain. 

Most of the species are very destructive of our cultivated crops. 
The "cotton Stainers," belonging to the genus Dysdercus, are scat- 
tered throughout llie world wherever cotton is grown. The one living 
in our southern states is Dysdercui sulurellus. The damage in this 
case is caused by die insects* excrement, whicJi stains the cotton a 
bright red. In addition to calling diem cotton stainers, the exasper- 
ated cotton grower calls them "bordered plant bugs,” "redbugs," and 
other similarly desaiptive names. 


LEAF BUGS OR PLANT BUGS 

A very large family (Miridae) of rather small bugs, the plant-bug 
group has fesv members that are over a quarter of an inch long. 
There are innumerable species; some four hundred have been de- 
scribed in North America, while more than t.roo have been listed 
throughout the world. New species are consuuitly being recorded, 
for, as yet, the tropics have just been touched. Even specialists who 
liave spent tlieir lives in studying Uiis group are frequently confused 
by tlie vast numbers and the complexities of Uieir relationship. 

At one lime, it was thought that the species were all plant feeders. 
We now know that some of tiiem render valuable service to mankind 
by preying upon oilier insects or insect eggs. A few, however, do con- 
siderable damage to our agricultural crops. 

The Tarnished Plant Bug, Lygus fnatensis, a common insect in tlie 
United Sutes, is one such creature. It is brown or yellowish brown, 
with variable darker markings. It is os varied in its diet as in its col- 
oring. Garden crops, strawberries, fruit trees, and forest trees are 
all food for this bug. The bite tlie insect makes for the purpose of 
sucking the juices seems to bate a poisonous effect upon tlie plant, 
killing the sunounding tissue. Even the eggs which are inserted in 
the plant affect its growth. 
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The Four-lined Leaf Bug, Poecilocapius linealus, is a %ery pretty 
species. The adult appears in June in bright-green, with the head, 
part of the pronotum (die cover just behind the head), and under- 
side bright red. Four black longitudinal lines decorate the upper 
part. The young are dressed in brilliant red uniforms. Although 
they feed upon almost any plant, they seem to show a preference for 
the buds of roses, dahlias, and peonies, and are also quite fond of 
the currant family. Wherever the plant tissue is punaured it turns 
brown, the discoloration spreading rapidly until tiie entire bud or 
leaf shrivels and curls up, eventually dropping oS. Whole twigs and 
shoots will wither and die in this manner. 


Fl-iT BUGS 

^Vlien hunting for insects under the loose bark of old logs or fallen 
trees. )ou can count on finding one or more of the Hat bugs (family 
Aradi^e). They are very much Rattened, a condition well fitted for 
the place in which they live. Occasionally they vvill be seen walking 
slowly on the bark of dead trees or tvsigs, evidently exploring for 
suitable living quarters. It ukes a keen pair of e>es to see them, for 
their irregular shape and dark-brown or black color blend in per- 
fectly with the rough, mosscovered bark. 

Little is known about the habits of the Bat bugs, but it is thought 
that they feed upon fungus. The author has sometimes seen the 
moilier hovering over a patch of her eggs and staying with the little 
ones when they hatch. .\IU>ougli she does not sit on her eggs, die odor 
from her scent glands undoubtedly repels any hungry beede that may 
be foraging in the vicinity. 

The young are reddish and look very much like bedbugs. Since 
these insects occur around freshly sawed lumber, the idea has arisen 
that bedbugs arc brought into houses on new lumber when the house 
is built or repairs are made. True bedbugs are never found away 
from human seulements, and the little flat bugs that so closely re- 
semble them never feed on human blood. 


LACE BUGS 

Aldiough d»ey are less than three-sixteenths of an inch in length, 
you will recognize these insects immediately by the odd projections 
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over the back of the head and thorax, and by the front wings, all 
of wliicli arc transparent, with darker raised veins, making the in- 
sect look like a bit of Irish lace. Beating tlie foliage of trees or shrubs 
over an opened umbrella or a beating net is almost certain to yield 
some of these attractive tiny bugs, which are members of the family 
Tingidae. 

They are weak, iliers, and after getting into tlie air drift along 
on the breeze. Evening is their favorite time for sallying fortlt to look 
for fresh pastures. Each species usually feeds on only one species of 
plant or tree or on a group of closely related species. Only a small 
number of lace bugs occur in North America. The Eastern Hemis- 
phere is much richer in species. 

ASSASSIN BUGS AND KISSING BUGS 

As their popular names indicate, these insects (family Reduvi- 
idae) assassinate and feed largely on other insects. Not only svill tliey 
attack insects, but, in self-defense, tliey will bite human beings if 
carelessly handled or accidentally pinched. Their first act when they 
bite is to inject into the victim a saliva-like poison which immedi- 
ately kills an insect and makes a very painiui wound in large crea- 
tures. 

The author can well state that our largest species, Arilui crislatMS, 
which ranges Uuoughout a large pan of the southern three-fourths 
of the United States, has a most painful bite. A great many years 
ago he grasped in his bare hand, to prevent its escape from liie net, 
the first of this species tliat be had ever collected. 1111$ was foolish, 
for the insect proceeded to give him a vicious jab in the ball of the 
tliumb with it; beak. Although the pain was terrific, he held onto the 
bug, until it could be transferred to a collecting bottle. No bee or 
wasp sting could ever hurt as much as tlut bite. The thumb swelled 
up and tvas stiff and helpless until tlie next day, ivhen the pain 
gradually subsided and the swelling decreased. 

Arilus cTulaius sometimes reaches a length of one and a lialf inches. 
Jt is a giayisb color, iviJjj a JooJcbed crea along the middle of the 
thorax, like the comb of a cock. It is sometimes called the wheel 
bug, probably from its habit of turning round and round as it lays 
its eggs, eacli egg standing on end, all side by side, forming a hexag- 
onal or roundish patch. 
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KISSING DUGS ' 

Another blackUh bug that is capable of biting man and causing a 
painful wound is Reduvhis personatus, commonly called the kissing 
bug. It seldom measures oter one inch. These bugs frequently come 
into houses in seardi of otlier insects, particularly bedbugs, of which 
they are quite fond. The young arc clothed with sticky spines on 
which they place the dry bodies of their victims; from tins habit 
come tsvo common names, the old-clothes bug and the masked bed- 
bug hunter. 

At about the beginning of the twentieth century, newspapers 
spread a great scare over the country as they reported person after 
person being bitten by these bugs during the ni^t. One report had 
it that the bugs commonly bit ladies on the lips, and this gate rise to 
the name kissing bug. We hear noUilng of these insects any more, for 
svilli improved sanitary conditions and improved control measures the 
bedbug is rapidly being wiped out, and with it its enemy, the kiss- 
ing bug. 


BUGS THAT CARRY DISEASE 

Bugs much mote to be feared arc those of the genus Triatoma. The 
various species range from the southern United States through Mex- 
ico and Central America, into northern South America. Not only is 
their bite painful in itself, but they transmit several severe or dan- 
gerous diseases. Probably many so<al]ed "spider bites" are actually 
given by this insect. Since many of them come into houses and have 
been found around beds, they have been named the "big bedbug.” 
Their red. black, and gray colors also suggest a resemblance to the 
bedbug. Outdoors, all of the Reduviidae are on the whole useful bugs 
because they feed on other insects. 

THE BEDBUG-AND HO^V TO FIGHT FT 

This little, flat, red, wingless bug (family Cimiddae), scarcely a quar- 
ter of an inch long, hardly needs describing, for at some time or other 
it has come to the attention of nearly everyone. 

Cimex leclularius is the most widely distributed spedes, having 
traveled with man wherever he has gone. .Another species. Cimex 
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rotundalus, occurs in die tropics, particularly central Africa. There 
are about thirty odirr species in this family, all parasitic on birds 
and bats. 



AN UNWStCOME QUEST 

ItnprotKt fiabiH <ban{>n«u ir«^ flonitb, btdbgg Ictt cammen 

then if VMd to be. Tho bedbgg hok no Wingi, end ifk mevth It o book throvgh which it 
avekt hviean bleed. No newcemei’. the creetvre hsa been befhering men ainee prehbtealc 
fimea, end bet hitchhiked whh hint wherever he hoa gene. 

The continuous svarm temperatures that man maintains in his 
homes alloifs tJje bedbug to be aaivc throughout the year. In fact, 
it is quite dependent upon mao-iJiade housing, lor it is not found 
outdoors. Reports that bedbugs liave been found around hrewood or 
lumber, under bark, and on bats probably result from the mistaken 
identiGcatiun of other insects as bedbugs. 

Liberal use of kerosene in tJte cracks or crannies, repeated at in- 
tervals about a home, will usually rid the place of Uiese pests. The 
powerful insecticide ODT, either as dry powder or in a spray, lias 
done wonders in reducing bedbug infesution. 

^VATER STRIDERS 

One, and usually more, of these long-l^gcd, fcatlicr-footcd bugs arc 
likely to be found on any body of water, large or small. Tl>cy arc. 
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however, p.-iniciilatly fund ol little pools alrniR a woodland stream 
overhung with leafy brandtes. 

Where tltc sun filters through, roaliiig spots of gold, here the 
pond skaten. as tlicy are also called, will collect in numbers. Their 
feet, densely covered witli tiny, fcatliery hairs, never get vvcL Lile 
greased needles, they float on the surface film as tliey glide along, 
cliasing each other or seeking any tiny imect iliac may fall into 
the water. 

So light are the little creaiuics that they never break the surface 
him, only dimple it, even tliough tliey sometimes leap several inches 
into the air. These dimples are so slight as to be scarcely visible ex- 
cept for the shadovtf they cast upon the bottom of the pool. /Vs seen 
from below, the insect appears to be resting wiili cadi foot of the 
second and third pair of legs in die center of a large disk. Tlte front 
legs do not touch the water, but are held ready to seize any insect 
small enough for them to hold. 

The water striden (family Gerridae) make fasdiuting aquariust 
inhabiunu, but the aquarium should be covered with screening: 
otherwise, die winged individuals will fly away. /Vn interesting fact 
is that in die adults of many spedes there are bodi wingless and 
v«inged specimens. While some are free to go wandering off in search 
of new waters, the other, wingless, ones have to remain where they 
grew up. If you wish to bring home v%-aicr striders for your aquar- 
ium, do not carry them in a bucket of v\ater, for the litde crea- 
tures will be drowmed in the splashing water. They will travel 
happily if placed in wet moss. 

^VATER. STRTOERS THAT GO TO SE.V 

There are not many spedes of water striders in the United States, 
and most of them look pretty much alike and have the same general 
habits. One group is worthy of mention, how ev cr. This consists of the 
few spedes that are sea-going and live far from land. The most 
common of these belong to the genus Hatobates. The author Bist 
saw them a number of years ago while on the Pacific Ocean, about 
seven hundred miles off the Mexican coast. The ship bad just passed 
through a terrific storm in which the had been running 

mountain-high. It was calm, and the ship was at rest vshile repairs 
were being made. Over the sid^ hundreds of one of these species of 
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llalobalej cuuld be wen. gliding about on the tuiface. U termed in- 
ardiblc that ihne cutiiHii liitlc crramict. living on the o{>cn teat to 
far fiom land, lotild iiunjgr to tide atop ilir heavy v»avcs and wiih- 
itaiid the mreme vtcaihcr condiiiuiii. 

TOAD UUCS-TIICV LOOK AND HOl* LIKE TOADS 

You win tec ihcte toadliLe bugt on muddy, nr wet. tandy beachei. or 
along the itilt of a wet country lane. Only a ipurier of an inch or 
}»i in length, they ate neatly ai broad ai long, with their bacli 
roughened, very much liLe the waity backs of tcuds. They have two 
bulging, toadlike ejea. Not only do these liitlc bugs look like small 
loads, but they hop like toads as (hey scatch fur their prey, which con- 
litis of liny flies or other snull intecis They |M>ii})(e on their prey 
and seitc it in their longhke from legs. 

They ate to agile at to be very diincuU lo capture. The eaiiest 
method is tri place a hand, palm down, on top of them, and with 
the other hand reach under and pick them out of the mud. 

Very litile it known of their life lubiu. One species in the United 
Slates dc()osils its eggs in small burrows made by the muthcr in the 
wet sand: other tpcciet probably hate similar habiu. I'he adults, 
when nut hunting, retteat to small burrows, which they can dig very 
c^uickly. Only a little over a hundred species art known, must of 
these in the IV'ntcm ifcmitphcic. although chit number shuuld be 
greatly inneased when the insects of the tropics luxe been thoroughly 
collected and caialugucd. The family name Cclatiocotidae comes 
from two Gicek words, one meaning "laughable,** the other "bug." 
and well do tlie animals of tliis family live up to their name. 

CKCCt’lNG WATER BUGS 

The creeping water bugs look very luucli like the toad bugs, but they 
lack the large, bulging eyes. Their habiu arc also quiie dilfercnt. 
Instead of living on the wet banks of ponds or streams, these bugs 
live ill stagnant water, especially water filled with algae, or with other 
affusiic u-getat«Mi. 

They arc small bugs, never over half an inch long, and usually 
greenish yellow In color. I'he broad head is inserted so far into the 
tliurax that the eyes just escape being covered. As in the toad bugs, 
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the front Jegs arc equipped to seize and hold d:eir prey, while the 
middle and hind pairs are more slender and enable the insect to 
crawl or swim about the vegetation. 

Since they live in the svaier, the creeping water bugs, members of 
the Naucoridae family, like most other svater insects carry a supply 
of air in their ''tanks," ilie space under their tving covers. W'hen this 
is exhausted, they must then come to the surface for a fresh supply, 
which they obtain by pushing the tip of the abdomen up through the 
surface film. 

The family is a small one, many of the species residing in the 
warmer regions. To date it has been neglected by students, ^\^len 
more extensive research has been made, we shall undoubtedly find 
many more species and know much more of their life histories. 
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>VATER SCORPIONS 

A long respiratory tube extending from the end u[ the body at once 
distinguishes Uic tvatcr scorpions, members of the Nepidac family, 
from all oUicr Hcmipiera. TbU tube also gives tJjem the name n-atcr 
scorpion, because it gives them a slight resemblance to the real 
scorpions. The breathing tube looks like an enormous stinger, but, 
actually, it is tvidi titeir beaks (hat the tvater scorpions inflict death 
upon any insect or other small creatures that comes tvithin reach of 
their tonglike front legs. Tliey kill their victims by injecting a 
saliva-like poison; then they quietly settle down to drain out the 
victims' life blood. 

The water scorpions are not active creatures. They may rest in one 
spat for houn, clinging to some submerged object, with only the tip 
of the breathing tube protruding above the water. When lltey do 
swim they make an awkward job of it. An up-and-down stroke of the 
front legs, and a wild kicking of the middle and hind legs propel 
them along an erratic course. 

About two hundred known spcdcs arc widely distributed through- 
out (he temperate and tropical regions. Of the easily recogni/cd 
genera, Nepa is fairly broad and Qat, while liarntra is more slender 
and cylindrical. 


CUNT WATER BUGS 

Of the many names given these insects, giant water bug is the most 
descriptive, for species living in the tropics sometimes reach a length 
of Eve to six inches. Here, in the United Sutes, the largest Is seldom 
over three and a half inches. The larger species belong to tlie genera 
Lethocerui and Benacus. The genus Belostoma has species which arc 
usually slioTtcr and broader than these. 

On quiet nights the adults frequently leave the ponds in which 
they have been living and fly off in search of other waterways. Some 
of them, mistaking a shimmering greenhouse for a quiet pool, come 
plummeting doivn to kill thejuselves on the glass. Others arc at- 
tracted to street fights, parlicularfy those located near water, where 
they may collect in numbers. This has earned iliem die name of 
electric-light bugs. When one of them, attracted by a light, flies in 
an open window of some waterside cottage, tt usually creates con- 
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stemation among ihc righiru) occupants by its mad threshing about 
against the walls and ceilings. 

BITERS .»\ND KILLERS 

Toe biter is another appropriate name for these creatures, as many 
bathers can testify, for the giant water bugs love to lie half buried 
in the mud, ready to grab any creature that may svander near. On 
h uman beings, they can infiict a very painful, but not fatal, wound. 
However, \»hen one of these water bugs seizes another insea or es en 
a hsh, it jabs die captise again and again with its beak, while holding 
on widi its powerful front legs. Tlie more the s'iaim struggles, the 
tighter die front legs close, for their action is sery much like dial of 
a pair of ice tongs. 



IT INFIICTS A rXINFUl WOUND 

TW wotM bog h OM «F the Ivgeri e< Hw Inn bog, a rooebo* a kogtb of tWoo 
sod o— hn U iKbn U |b« Uiwnd State* o^ Heo lirSii io tho Dofk. lovd^Btarea 

ciMjIue*. tho wotee bog, boot tfroog wngv ef sight ore Dlel/ to leovo po*f1 

U nrarm ood fl/ N tho awHod bright CghlL Io tho p<»d they Cm io tho nod, when 
they grab at Btrf bowe leM that «ano noo, iWn; theo proFctctae. booeoor, i* lot irogt 
oed TaW Neta tho bog'* Cottaoed. hoojr leg, "tiny nob# rolwdiog oorier. 

Fishes up to five inches long can be killed by one of these three- 
inch bugs. A number of them in fish hatchery pools can do con- 
siderable da m a g e, making serious pests of theznselses. Because of 
their fondness for fish, they have been called fish killers. 
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THE WALE CAHRJE5 THE EGGS 

The giant jvater bugs, members of tfje Beiostomatidae family, are 
active aeaiurcs, propelling themselves through the water with strong 
strokes of liicir powerful second and third pairs of legs. These legs 
are flattened, and feathered along the edges with short, stiff hairs; 
they make very efUcient oats. The bugs come to the surface at inter* 
vals of tiiiriy to sixty minutes for a fresh supply of air, tfijid] is car- 
ried in the space over the abdomen and under the wings. In order 
to take on this stock of air. tlie tip of the abdomen is stuck up above 
the water surface. Wltcn resting quietly, the insect will remain sub- 
merged for longer periods. 

In some species, particularly of the genus Delostoma, the female 
deposits her eggs on tlic back of the male. He carries these around 
with him until they are all hatched, when the little ones go off to 
shift for themselves. This care of the eggs is the extent of their pa- 
rental duties. 

In South America and in die East Indies, many of the natives eat 
the larger species of the Dclostomaiitlae. The tough legs and wings 
are discarded, and the rest eaten either raw or toasted. 

THE BACK SWIMMER-BUILT LIKE A BOAT 

The back swimmer is the only water-dwelling Hemiptera that ha- 
bitually swims upside down. Built like a boat, with the liiiid pair of 
legs much elongated, broadened, and feathered with short. stiS 
Jiairs, it dashes tfirough the water at a great rate. The back iwimmcT 
(family Notonectidae) is a hunter, eager to capture any small crea- 
ture liiat it can overcome with its poison beak while holding it with 
its thin front legs. Ic likes to cruise near die surface while it hunts 
for an insect that has fallen Into the water. Pausing at intervals, it 
sticks its abdomen above the water and takes in more air, which it 
stores in two "unks," each one consbUng of a groove covered with 
hair and running along each side of the abdomen. 

Most insects are darker colored on the back than underneath. 
Since the back swimmers live upshie down, (he general coloring is 
reversed. The back is light in color, frequently almost white, which 
makes the bug scaicely visible to any creature that might be below 
and looking toward the light sky. For the same reason, the underside 
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is greenish or brossimh, making the insect less visible to any creature 
looking dosvn toward die darker background of the bottom of the 
pond. 


BACK S\VLMMERS DO WELL IS AQUARIU.MS 

The back swimmers make nice aquarium pets and will quickly learn 
to uke a fly held in the fingers at the water surface. Tiny pieces of 
raw meat placed on the surface will be accepted as soon as the back 
swimmers learrt that these are good to cat. Since the meat does not 
mosc as an insect does, it may be ignored. However, a piece held in 
fine foiteps and gendy wiggled will induce an immediate attack. 
Keep }Our aquarium screened, odienvise. the back swimmers will 
spring into the air ready to fly to some neighboring pond, and will be 
lost in the unruturd environment of a bouse. In handling your pets 
with your forefingers, be careful that you give them no opportunity 
to bite; for they can iaflia a painful, ihou^i not fatal, jab. 

THE ^VATER BOATMAN 

The water boatman (family Corixidae) is much smaller than the back 
swimmer, and lacks the latter's long hind legs; in the water boatman, 
both the middle and bind pair of legs are fitted for swimming. It 
usually suys near the bottom. Since it is heavier than water, it has to 
sw'im up to the surface. Here, the surface tension bolds it in place 
while it basks in the sunshine and absorbs air. 

The corixids make nice additions to your insect aquarium. You may 
even be fortunate enough lo hear the chirping, cricket-like noise 
made by some of them. They produce this sound by rubbing their 
beaks with their front legs, usually at night. 

They lay their eggs on the surface of water plants or submerged 
objects. One species is co mm on in the lake region near Mexico City, 
and around the “floating gardens" of the region. The many eggs the 
insects produce are collected by the natives and dried for food. They 
arc then served in several ways. Toasting is perhaps the favorite 
method, but they are frequently added to soups or prepared as a 
dressing for mean 



Parasites on Birds and Domestic Animals— 
The Bird, or Biting, Lice 


VoNSiOERiNO ihc common attitude toward insccu as mostly 
pests or "vermin, ■' it is inieresiiiig to note liow few of them really are 
parasitic. Among those few arc the two orders we are now going W 
have a look at. the biting lice, or Mallophaga. and Uie suckmg lice, 
or Anoplura. , . . 

Everyone has heard about lice, although in this age of sanitation 
very few have ever seen them. They arc, however, well tvorili eit- 
amining under a low-power microscope. Mallophaga (meaning 
"wool caters") are often called "bird lice." but since sevCTal species 
feed upon mammals, it is better to call them biting ice to is- 
linguish Uicm from die [ollowing order, tire "sucking" lice. 


LICE HAVE LOST THEIR WINGS 

The specie, of .he biung order are all small, rarely reaching a quar- 
ter of an inch in length. Their bodies are flattened, heads broad and 
triangular, antennae short. They arc quite l.a.ry and "".ge m color 
from nhi.isl. ihrouglr yellow, brown, and reddish, to black. 
die Mallopliaga are wingless, d.ey have rather ''d 

little bodies, whereas most other wingless insects, like die brude ails 
and speingtails. have very pimi.ive bod.es. Entomologists believe 
that lice have lost d.eir wings because of dic.r parasitic JSS" 

of many of the species look like anydiing except an egg; they tesem- 
Lie flowers, stars, and feathered arrows. 
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TO E.\CH HIS OWN 

Most of the biiing lice live on birds, feeding on ll>cir feathers and 
skin- Oihcn live on animals feeding on hair and wool. Practically 
every bird t>t wann-Wooded animal is host to one or more species of 
louse. But each species of louse is usually restricted to one spcdcs, or 
closely associated spetdes. of host. So we have the Qiickcn Louse, 
the Pigeon Louse, the White Swan Louse, tlic Turkey Louse, tlic 
Biiing Dog Louse (biting here and in ihc neat two cases referring to 
tlie louse and not the host), the Biting Cat Louse, die Biting Cattle 
Louse, and so on through some 2,500 knov^n species. None of tlte 
biting lice aiuck man, except temporarily, uhen some migrant from 
a domestic animal alights on a human being and takes an experi- 
mental bite. Many louse species are of world-wide distribution, hav- 
ing traveled across condneots on their hosts. 

Damage done by biting lice is serious but not devastating. Every 
poultry famier knows that his hens are weakened by the constant 
irritation caused by lice. Sheep Lice decrease the quality and length 
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ol wool fibtis. Modern saniiaty {^srm and conirol measures have con- 
siderably lessened Uie incidence of the biting lice in domestic ani- 
mals. 


Man’s Parasites— The Sucking or True Lice 


The sucking UCE arc. on Uic average, railier smaller 
than the biting lice; tiic largest is only about seven millimeters long. 
The sucking louse (order Anoplura — "unarmed tail") is dirty white 
or yellowish white and slender or oval in shape, except for one family 
which is crab-sliaped. Its head is small, with mouth parts built for 
piercing and sucking, ^^any species have no eyes: in others, the eyes 
arc mudi reduced. The legs are short and stout, and end in claws 
especially constructed for grasping hairs. In contrast to the biting lice, 
the sucking kind lay simple, oval, or elongated, eggs. Tliese are 
cecneciud to vlte base of the hair or woo! of t!tc host. 

THEV ATTACK JUST FOUR KINDS OF ftfAMflfALS 

Only about five hundred species are known, but they enjoy a world- 
wide distribution. Their hosts are limited, for the most pan, to just 
four orders of mammals: tiic primates, namely, man, monkeys, and 
apes; the hoofed mammals, domestic and wild, including horses, cat- 
tle, sheep, deer, etc.; the rodents, consisting of rabbits, mice, rau, 
and squirrels: a few of the carnivores, or Desh-eating animals, includ- 
ing dogs, wolves, coyotes, seals, and walruses. Curiously enough, liie 
cat family (cats, tigers, and lions) is immune to these pests, as are 
some other large groups, sudi as the kangaroos and opossums, tlie 
slotJjs, anteaters and armadillos, the moles, and the bats. 
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Unfortunately, mankind enjoys no such immunity. Modem 
plumbing and our resulting sanitary habits have eliminated human 
lice from civilized homes, but they still persist in many parts of the 
ivorld, and each generation of our soldiers has to fight the six-legged 
“cooues," as tvell as two-legged human foes. 



THE "CSOTIE" iS A TIUE tOlfSE 

T/v« koi* aovlh pom iHiai la* •veking. ond food anlf »■ BanMlt. Sen* a>><"°^ 
«>• laamna to ihoM pait,— th« col tomSf, rfio kongo/M and epomia fe/an/, botv aM 
Mioo ofSanr— bvl oat otao. Toftanotaly. taadata plaoib.og and SdooU of cUoalmow hevo 
ptatty »att dattrofod Kba ba«oa koai# in ^oro advanced caantviot. 

Two or tiuce species of lice are recognized as parasitic upon man 
The most common of these is the Head Louse, Pediculus capitis- 
/Vnoiher, not so common, is the Body, or Clothes, Louse, Pediculus 
vestimenli, also colled the grayback. Some recent entomologists have 
considered these as just one species, and have returned U»em to the 
old Liniucan icrnu Pedictihu humanvu. Wlvcklvcc tlvey are one ot two 
species, they have long been a terrible scourge to man, transmitting 
the germs of die deadly typhus fever, trench fever, and relapsing 
fever from one Victim to anoUier. The least cottimon. ifie Crab Louse, 
rhihiruj iiiguifudu, iniests the pubic region and die armpits. 

Must of Uie species diai infest domestic mammals belong to one 
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large family, tiie Haematopinidae. About 150 species are known; 
most of them are cosmopolitan in range. The use of DDT is liberat- 
ing botl] man and beast from the louse. 


The Thrips— Lovers of the Flo^vers 


Ijook CLosELy into almost any flower and you arc sure to 
find one or several tiny, slender insects. TItese tvill probably prove 
to be tiirips, members of a small order of insects svbicli look much 
alike, but which show gtcat variation in Uieir habits. They love to 
gather in Uie deep recesses of bell-shaped flowers, but you should 
find plenty of tliem on daisy-sluped flowers, where it will be easier 
for you to observe them in action under a hand lens or even under a 
reading glass. 

The first characteristic that you will notice in the thrips is their 
four wings, which look like so many tiny feathers. Under a hig)»er- 
powered microscope you can see that the rvings themselves are ex- 
tremely narrow but are edged wiili a wide fringe of hairs. The name 
of the order, Thysanopiera, means "tassel wings." 

Most of the adult thrips that you see on flowers have wings, but 
there are many species that arc wingless, and. of course, none of the 
young have wings. All North American thrips are quite small, about 
one twenty-fifili to one tenth of an inch in Ieng;ih. Tropical species 
are larger, and there is an Australian giant that readies a sire of more 
than half an inch. Thrips range in color from yellow through brown 
to black: the black ones are often miscalled "black flies." Afany thrips 
carry a curious bladder-like structure at ilic end of Uieir feet, or 
tarsi, whidi enables them to stick to smooth surfaces. The mouth 
parts of the thrip are built for piercing and sucking and are de- 
veloped on Uie left side of the head only. 

Some species are bbexual, and in some species the males are rare 
or absent, the eggs developing without fertih’aaiion. Tins method is 
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called ‘■panhenogenesis." Usually, the female lays eggs in the tissues 
of some plant or flower, or elsewhere near a food supply. Howeser, 
scscral species give birth to Ihing young. 

The life span \-arie$ according to species, from ttvo or three months 
to as long as a year. In the Pear Thrips. which is of the type that Uses 
for a year, most of the insect’s life is spent in the and immature 
stages. Tlie adult comes forth at fruit-blossom time, lives and deposits 
its in the flowers, and dies when the petals drop. 



tHtirS-MAHT Ali TlOUIlEMACttS 


THEY SETTLE LIKE LIVE SANP 
Unfortunately, these tiny insects lead their incercsiing lives mostly 
on mans choicest cultivated plants. Xbcie are Greenhouse Thrips, 
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Onion Thrips, Giadiolus Thrips, Wheat Thrips, Carnation Thrjps, 
and many others, tviticli damage crops in several dliTerent ways. 
Feeding on leaves, they injure plants; feeding in blossoms, they pre- 
vent fruit from forming. They spread several different bacterial and 
fungus-plant diseases, particularly the tomato wilt. Both the grain and 
the onion, or tobacco, tJirips tend to stvann on hot summer days, not 
only injuring the crops, but settling like live sand on everything 
and everybody. When they alight on human skin they are quite likely 
to bite it, apparently searching for moisture ratlier than blood; and 
while the bite of one tlirip is insignificant the mass attack of several 
doren can, be quite disconcerting. 

At least a few more of the many contradictions or variations in 
the thrips* way of life need listing. Not all thrips live on flowers and 
leaves. Some spedes feed on decaying vegetable matter, some on 
fungi; some live under bark. Some disdain vegetarianism and prey 
upon mites, aphids, other thrips, and on the eggs and young of larger 
insects. 

They inhabit all regions of ilie earth except ilte very cold places. 
About 2.500 species have been described; doubtless there are just as 
many more that are still unknown to us. 


Ancient Pests— Book Lice and Bark Lice 


Whe.'j you rummage among old books or magatines, es- 
pecially when tlrey have been stored in a dampish place, you are al- 
most certain to see one or more pale, fat-bodied little insecu running 
for cover. These are the book Uce, members of order Corrodentia. 
They base to run because they have no wings witlj ubidi 10 fly. Two 
species, Trocles divinalonus and Atropos pulsaloria, belonging to the 
family Atropidae, are the ones commonly associated with man and 
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In's libraries, bis museums, and somcfimes bis granaries and ware- 
houses. They feed on glue, paste, fungi, and some oilier dried animal 
and vegetable materials. 

Since Uic beginning of recorded Imtory tliey have lived sviih us in 
die same form that sve now know them. Were they also associated 
with primitive man? If so, what did they feed on? How long ago did 
they lose their wings? Interesting questions for whicli, as yet, i«e 
base no answers. 

Tlic other members of this order, belonging to die family Psoddac, 
all have wings. They live outdoors, usually on the bark of trees, and 
are believed to feed on mosses and minute fungi. They tend to stay 
in groups, each batch cosered with a scry fine silken net whidi they 
spin with their mouths. This net is of considerable value in protect- 
ing them from some of their enemies. Some forty species base been 
described from North America, while 650 species are known to exist 
in the world, and undoubtedly many new ones await discovery. 


Scorpiou Flies aud Snow Flies — 
liisect Curiosities 


Scorpion Flies, la shady spots along a sluggish stream, or deep in 
swampy rvoods, )ou r»ill occasionally see what looks like an unusual 
crane fly resting on a broad leaf or fern. It will not be loo difficult 
to capture, and when you can examine it in your hand you will see 
that it has four long, narrow, gauzy wings (instead of dte crane fly's 
two), very long ant enn a e , and a larger head than that of the crane 
fly. If your capuse is a male, ii wdll hase at the end of its abdomen 
a pair of claws which it orries curved o\er its back, much as a scorpion 
carries its stinger. The scorpion fly's claivs are not stingers, and this 
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Ily can hurt nothing except the smaller insects which it someiimes cats. 
It also sips nectar and the juices of decaying berries. 

The larvae, which look like caterpillars, burrosv in the ground, 
coming up to the surface to feed on small insects. They pupate in the 
ground, in the burrows tlicy have dug. Tlie pupae move up to the 
surface just before they are ready to emerge as adulu. 

Scorpion flics belong to the families Panorpidac and Bittacidae 
and some others. There are not many species. The most common in 
North American Avoods is Panorpa nefm/osa, and in England, com- 
munis. All are members of die order Mecoptera. 

Snosv Flics. On a sunny winter day. you may see small black insects 
hopping about on ilic snow. They have tlie long antennae and long 
legs of the scorpion files, but they do not have a clawed abdominal 
appendage, and in place of the scorpion fly’s lacy wings, die males 
carry a pair of finely toodied spines, and ihe females a tiny o 
scalclike lobes. These are the snow flies, genus Boreus, ind family 
Boreidae. Tliey spend their harmless lives on the forest floor, living 
on dead vegetation, and possibly on springtails, which also hop around 
on sunny snow. Like the springtails. die snow flics are y 

invisible except against the tvliiie background of the snow. Their 
larvae feed and pupate in mudi die same manner as those of the 
scorpion flies. . 

Not many species have been described. They range m Nortli 
America from Alaska to as far south as Washington, D. C. 


The Caddis Flies - Biulders of Houses 


If you wish to owe Nature at her best, an eacenem 
melliod is to seat yourself in a peaceful place and qutet y awai 
...ay happen. There is no better spo. on a ..arn. sum.ner day thtm 
the bank of a woodland pool. Gazing into its depths, yo y 
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pick out a rariety of objects. Last >-car's leaves in various stages o£ 
decay litter the bottom; fine twigs and pieces of tveeds are scat- 
tered about 

As you watch abstraaedly, your mind records a movement You 
concentrate on this spot of activity until you make out what appears 
to be a tiny cylinder of leaf panicles slowly moving along the bot- 
tom- WTiat makes it move? As you wonder you discover a shining 
spot at one end of the cylinder. This shining spot is the head of a 
larva, with six tiny legs set dose behind, all that is visible of a repre- 
sentatise of one of the most interesting of the insect orders. The soft 
and succulent body of the caddis worm (the usual term for the 
caddis-fly lars'a) is safely protected m a snug home it has built of leaf 
fragments fastened together with its ousi spun silk. 
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In the same pool, you will soon pick out other species of caddU-fly 
lart'ae, each idencihable by the type of house it builds. Some are 
lazy and simply cut oQ a hollow sveed stem, into ^vbich tlie body 
snugly fils. ^Vhen the creature outgrows iu quarters, it moves to a 
slightly larger piece. All it adds to its prefabricated dwelling is a 
silken lining on the inside walls. 

Anotlier species selects minute pieces of weeds; that is, they are 
minute to us, but to the insect tliey must appear like giant logs. 
Members of this species carefully fasten tiie weed pieces together 
into a cylindrical home. When iliey need more room, they simply slit 
open one side and Insert a new log. 

Still another species likes to crisscross its logs, building up a turret- 
shaped home. One ivonden how the larva is able to drag this cum- 
bersome house about; the ends of die logs stick out in all directions, 
catchingoneveryobstacle. These are but a few examples. In all quiet, 
somewhat muddy, debris-strewn pools, many kinds of caddU-worm 
houses are dragging along their muddy paths. 

BUILDING HOUSES W'lTH SNAILS 
Then tiiere are stone masons among the caddis flies. To find these, 
we shall have to go to a sandy or gravelly pool. Here your eye, now 
trained to detect caddis-worm houses, will find a dozen styles to at- 
tract your attention. Some creatures have built simple, hollow cyl- 
inders of very fine grains of sand. OiJicrs use small gravel, tvhich to 
diem must represent huge boulders. As they build, the caddis worms 
may pick up minute snail shells, apparently mistaking them for gravel, 
and fit them into ibeir stone houses- 

Often enough the snail is still living in its shell, but oS it goes, 
willy-nilly, as part of die caddis-worm castle. The snail reaches out 
for food or foothold but is usually too small to succeed. Given a big 
enough snail, howeier, and an opponunity for it to uke hold of some 
substantial object, a true lug-of.war ensues, ^metimes the snail ivins, 
and the caddis ivorm must find anodicr nugget to fill the gap in its 
wail. 


THE MASTER ARCHITECTS 
'The final achievement in architetxural design is reached by one 
species which, using fine sand grains and silk, builds a house in the 
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exact sliapc of a snail shell. So perfect if the imitation that it has 
even bewildered experienced shell rollcctors. Paleontologists, the sci- 
entisu v»ho deal wiili the life of earlier geological eras, have also 
been puzzled, for one of these eases without its owner might well be 
mistaken for a fossil shell. 

Tl>e food of Uicse lars'ae consists of minute insects, algae, and sva- 
ter \cgeuiion. Eaclt species seems to restrict its diet to ccruin types 
of food. 


SO.ME R£.NfARJOiBLE LVRVAE 

Before we lease the caddls-fly larvae we must try to discover a feiv of 
their more specialized forms. To do thb, we shall have to find a 
rapidly flowing stream, with the water dashing over tlie rocks or a 
waterfall leaping over ledge after ledge of rocky outcrops. Here we 
shall And Uie fishermen of tlie group. In tlte swiftest water, they 
spin a silken net. Not a large web. for it would be tom away, but a 
small web that is seldom larger than a tjuarter. Some species make 
flattish webs, but most of them are cup-shaped; a few are elongated 
into a funnel. In the web, the larvae lie in wait for what the water 
may wash into their craps. 

\VHEN THE CADDIS FEY COMES OF AGE 

But what of the adult, which soon must become an aerial creature? 

When the larva b fully grown it closes itself in its case, or web, 
with a few silken threads. In a short while it turns into a pupa. At 
the right time, the pupa leaves its case and swims or crawb to the 
surface. Here, it molts, emerging as a fully winged caddb fly. 

The caddb fly is a mothlike creature, covered with hairs, and mot- 
tled in patterns of brown or gray, with very long, slender, segmented 
antennae. The antennae arc usually as long, and frequently two or 
three times as long, as the body. The legs are long, and the insects 
make ready use of them by darting rapidly here and there when not 
in flight. 

Most of the species fly readily, although in a few the females are 
nearly wingless, and in others the rear pair of wings b greatly re- 
duced in size. Although individuals do fly in the daytime, it is toward 
dusk or after darkness has set in, on still, warm spring or summer 
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evenings, that they begin llieir wedding dance in numbers over the 
quiet tvatcrs. At this lime, when bright lights divert them from their 
dance, we are more likely to see them as they come to the tvindowj 
of our houses. 

ancestors of the moths and butterflies 

Over 3,600 species of the Tridiopicra, i!ie order to tvhich these 
creatures belong, iiave been described throughout the tvorld; un- 
doubtedly many new ones, from little-known areas, are yet to be dis- 
covered. They have many common names such as caddises, cascflies, 
caddis nics, and water moths. Tliis last name refers to their moihllke 
appearance. With the discovery of several fossil species, the order has 
proved to be an ancient one. It is generally thought that moUis and 
buuerlUcs are an offshoot of this ancient group. 

AN AID IN FISHING 

The caddis flies and their larvae have long been used for bait by 
fresli-waier JisJicnnen. Many of the artificial lures have been modeled 
after die adults. The country boy, however, geu die most use from 
the caddis worms. He collects the cases, which he can keep for several 
days, and dien has a supply of excellent bait at hand. When he is 
ready for fishing, the larva is extracted hom the case to adorn his 
hook, or even his bent pin. 


Beetles— Most Numerous of the Insects 


There are more bcedes in the world dian any other kind 
of insect. Over a quarter of a million beetle species (order Coleop- 
lera) have been described, and netv ones are still coming to notice. 
New species are probably not being found at the same rate as in some 
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of the other orders, however, because beetles have been studied and 
collected more tvldely than most other insects. Two reasons are respon- 
sible for this interest in beetles. The collator finds them beautiful or 
odd. more durable than moths and butterflies, easy to collect and keep 
in good condition. The economic entomologist studies the habits and 
histories of the many beetles that are constantly taking over something 
that man has called his ossti. 

HOW TO RECOGNIZE THE BEETLES 

You can aitvays recognize a beetle by the first pair of wings, which arc 
hard, sheathlike coverings cursing over its folded second pair of mem- 
branous wings and abdomen like a shield. In fact, the name of the 
order means "sheathed wings." Eanvigs and some grasshoppers hate 
wing covers, but do not in the least resemble the beetles, although 
their sving covers are a modification of Uie front wings, as in the 
beetles. Beetle wing cosers are called elytra. 

The hind wings are large and Utin, as they must be to carry the 
large, heavy body of a beetle, and yet they fold compactly under the 
wing covers. Of course, in so large an order you can expect to find 
plenty of exceptions. few species oE beetles are wingless. In one 
of the largest families, the elycta are very short and cover only a part 
of the abdomen. 

In every other characteristic, the beetles show gjcat variation. In 
size, they range from a fungus beetle a hundredth of an inch long 
to the great six-inch Hercules Beetle of the genus DyTiasles. You 
will find almost every kind of antennae in this order, some long and 
slender, others clubbed on the end, some consisting of thin layers, 
and oUicrs elbowed, Male beetles of some species have jaws, or 
mandibles, so enormously enlarged that they form pinchers. In some 
other species, they hav'e large, hornlike formations on the head or 
thorax. Except for some blind cave-dwellitig and parasitic species, 
beetles have large, round, or oblong, well-developed eyes. 

^VHERE BEETLES LIVE 

Beetles live all over the vcorld, except in the oceans and at the poles- 
They are mostly land dtvelleix, but some live in fresh water. They 
feed on every kind of anunal and plant life, living or dead. Many 
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species isrc in consiaJit conilict uriili man, because liiere arc Xeiv of 
tlie organic commodities Uiat man lias learned to use tliat do not 
also interest some beetle. All our segecable food, natural or proc' 
essed; all our prepared meats, fats, leathers, furs, and feathers; our 
cotton, wool, and silh; our lumber and the trees we grow for any 
purpose; and our flowering plants and shrubs are just as desirable 
to some beetle or other as they are to us. 

The larvae of beetles are often scry large. Like fly larvae, they 
arc commonly called “giubs.'* In some tropical countries, certain 
beetle larvae are a staple food. One Uiat spends its life in the thick 
(Icsh of century-plant leaves, makes an excellent salad, tasting some- 
thing like shrimp salad. 


THE VARIOUS KINDS OF BEETLES 

Much work must stiK be done before the problems of classifying 
members of this order have been solved to the satisfaction of all. 
But the following rough grouping of all tlie beetle families into very 
large divisions shows the general relationship of eaclt to the other. 
Only a few of the many families in each group can be discussed here, 
and only those few are named in this grouping. The arrangement is 
based on easily determined adult characteristics, and will assist you 
in making preliminary identifications. 

Adephaga. The feet, or tarsi, have five distinct segments; the an- 
tennae arc threadlike (except iii the Gyriitidae). The group com- 
prises the families CidndcHdae, Carabidae, Dytiscidac, and Gyrin- 
itlae. 

ClavicoTtila. The segments of the tarsi are variable in number; 
the antennae arc equipped with a more or less distinct club (the 
terminal segments being broader than die otliers). The group com- 
prises tlie families Hydropliilidae. Silphidae, Staphylinidac, Niti- 
dulidac, Histeridae, Coixinellidae, Endomychidae, Erotylidae, Langu- 
riidae, and Dermestidae. 

Senicomia. The segments of Uic tarsi are variable in number; the 
third and following segments of the antennae are more or less saiv- 
liJco. TImt group comprises the /araiBe-s Ehtteriilae, Rupresiidac. and 
Lampyridac. 

Jleteromera. The front and middle tarsi are composed of five seg- 
ments, the hind tarsi of four segments; other characteristics are 
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Phytophaga. The tarsi are apparently in four segmenu but actually 
in five (the fourth being quite smalt and barely visible); the third 
segment is grooved to receive Uie founli and fifili; usually the tliree 
basal segments are densely hairy on tlje underside. The group com- 
prises the families Cerambycidae and Chrysomelidae. 

■ Rhynchophora. The head is usually more or less prolonged in 
front to form a snout or beak; the tarsi are apparently in four seg- 
ments; the third segment is usually broad and hairy on the under- 
side. The group comprises die families Brentidae, Antliribidae, 
CurcuHonidae, and Scolyiidae. 

The literature on beetles is enormous. Every textbook on insects 
must necessarily devote a large proportion of its pages to this im- 
portant order. 

TIGER BEETLES-BURROWERS AND EATERS OF FLESH 

White walking along a sandy beach some sunny day, you may be 
surprised by suddenly flushing from tlie sand in front of you a long, 
slender-legged beetle. It will rise, fly twenty or thirty feet away, 
and settle, facing you. If you approach stealtlnly. you may succeed 
in getting near enough to see die large eyes, die long, slender antennae, 
and the sharp-toothed mandibles with which it seues iu prey, for the 
tiger beetle is a hunter. 

The larva of the tiger beetle is also a flesh eater. Instead of run- 
ning down its victims as the adult does, it resoits to stratagem. It 
rests at the mouth of a burrow it has dug in the ground, ready to 
seize any passing insect tliat ventures dose enough. 

If the intended victim looks too dangerous, the tiger-beetle larva 
can quickly withdraw into the burrow. Sometimes, however, it may 
misjudge and actually take hold of an insect that is almost too strong 
for it. This might be disastrous for the tiger-beede larva, except that 
it is provided with a pair of hooks atop a hump on the back of die 
fiftli abdominal segment. These hooks are recurved; in otlier ivords, 
they bend back and dig into the wall of die burrow, making a very 
effective andior. 

More dian two thousand species of uger beetles (family Cicindel- 
idae) have been recorded. Nearly iww hundred of diese are found 
in North America, where they range well into Canada. Dr. Mont A. 
Cazier, an authority on die tiger beedes, lias amassed in die col- 
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lections of the American of Natural History thousands of 

these insects, and the museum now has one of the finest collections 
of tiger beetles in Ute world- 
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SOME tV'ELL-KNOtVN TIGER BEETLES 

The genus Cicindeia is the largest, uitlt nearly one hundred species 
and numerous subspecies to iisaedii in Nortli /America. Tliey sary in 
length from three-eighths of an inch to not more than thrw-tjuaners 
of an inch. Many are brightly colored; others are pretlOy mailed 
s*-ith spots or curs ing lines. 

CicindeZa repanda is a common and tv-idely distributed sponcs 
found along the sandy margins of lakes or streams. Its giay-browo 
color is decorated sciih small, but distinct, whitish lines on tlie sring 
covers. This species is bequciuly found associated with Cicindc^ 
generosa, one of the larger species. The t«hiie toaikings in generate 
are much more distinct, but quite sunilar in arrangement to those 
in repanda. 

Cicindela dorsalis, a large, cream-colored tiger beetle, loves tin 
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white sinds af tiic hcaciies along the Atlantic Ocean. The typical 
fonn ranges from Massachusetts to southern New Jersey. South of 
iliis area and along die Gulf states, other subspecies are found. The 
crcani-colored tvings blend tvell with the white sands. The wings are 
usually decorated with darker lines or markings which also help in 
the protective coloration pattern. 

Cicindela lejjiila, a small, nearly white beetle, is at home only on 
die finest white sand of the shifting dunes. It is found, and radier 
rarely nowadays, in New York and New Jersey, and in Ohio and 
other states along die Great Lakes, and in lotva and Kansas, wher* 
ever the right conditions prevail. This attractive beetle is becoming 
extinct as human beings invade or destroy the dunes where it lives. 
The Six-spotted Green Tiger Beetle, Cidndela sexgutlafa, can be 
found in the spring along almost any forest pathway in the eastern 
United Stales, from Canada southward. Its shining green stands out 
conspicuously as it suns itself on the bare ground of the path. It is not 
asleep, however, and knows only too well dial a sliort (light will land 
it among die surrounding vegetation where it will be safe from 
prying eyes. 

Other Tiger Beedcs. A black-brown beetle with a row of very fatndy 
impressed green pits along die suture (the margin where the two 
wing covers meet) is another common species. Instead of frequenting 
sandy beaclies, Cicindeiit punciulata prefers dry clay soils. It loves to 
hunt in our gardens along the rows of carrots and beets, and the 
com and potatoes. Here also, if you look closely you may find the 
burrows of the larvae, each wiUi a head and jaws blocking the en- 
trance. 

Tlie genus Tetracha is represented in the United States by two 
radier common species, both somewhat southern. Telracha virginica 
is die most widely distributed. It gets as far noriii as southern Neiv 
Jersey and southern Ohio and Indiana. It is a large species nearly 
one inch long. A gold-green color, it has wing coven that are blackish 
near the middle, and metallic green along the sides. The underside 
of the insect is a brownish yellow. 

Telracha Carolina is slightly larger and lighter green, with the tip 
of die wing covers, legs, and antennae yellow. It ranges along the 
Gulf states. 

Tlie Tetrachas are night prowieis, spending die day under boards 
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or other shelter. They like sandy country witli a few scattered trees. 
WTiile collecting in Alabama, the author dug holes about a foot deep, 
luing a fence-post di^er, and keeping the ualls as straight as possi- 
ble, in order to see tvhat might wander into the pits. Eadi morning, 
2ie tvouJd find all manner of creatures, snakes, toads, frogs. scoJpions, 
spiders, and beetles. Of the beetles, botli species of Tetracha should 
be present, although no Cicittdelas ever came to these traps. Ground 
Beetles (carabids) and Darkling Beetles (tenebrionids) were also 
present in numbers. 

GROUND BEETLES-A GREAT AND REMARK^VBLE FAMILY 

A very large family of swift-running beetles, the ground beetles arc 
usually seen on the ground, »%hcn boards or stones arc ovenurned, or 
running across a pathway, apparently intent only on reaching the 
other tide. 

Not all of tliese beetles remain upon Uie ground; some of them 
rest in Qo^sers, feeding upon the pollen and nectar. Others ascend 
the tallest uees in search of caterpillars. A few take wing at the 
slightest disturbance, flying almost as wcU as their relatives, the 
tiger beetles. Still others try to bury themselves in the ground. In* 
deed, a number of thee have stayed so closely attached to the soil 
as to have lose their ability to fly, even, in some cases, losing their 
wings and having wing cases that are firmly ioined together. 

Most of the species arc somber<oIored blacks, brosvns, and gra)^. 
A number, however, wear bright yellows, reds, or greens, with the 
greens predominating. Some arc even iridescent blue, brown, and 
gold, with brilliant reflections. In general, the ground beetles are 
medium sized, although a few are quite large, and several are very 
small. 

Over 81.000 species have been described and more than tv»o 
thousand of these make their homes in North America. The family 
(Carabidac) is widely distributed, ranging from the j>olar regions 
to the tropics. The more temperate regions of North America. Eu- 
rope, and Asia have the greatest concentration of species. They pre- 
fer the moist regions, becoming quite scarce in the desert spots. 

The Green Caterpillar Hunter, Caloroma scrutator, is one of the 
largest of the Carabidae. It is one and a half inches long. The head 
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and thorax arc purplish; the mogs are bnglit green, finely marginai 
with red, and dotted wiUt several rows ot golden pits. Catosoma wili- 
coxi is quite similar, but much smaller, usually measuring slightly 
less than one inch. Both of these species climb trees in search of 
caterpillars, and do a great deal of good by destroying tlie Spring 
Canker Worm, the Fall Canker Worm, the Web Worm, and others. 
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The Fiery Caterpillar Hunter, Colosoma calidum, is about one incli 
long and black, with three rovs-s of distinct gold or greenish pits on 
cadi wing cover. This is a ground-loving Calosotna, and you will 
frequently meet it while you arc hoeing or weeding in your prden, 
wticie it undoubtedly docs a great amount of good by killing cut- 
worms. This beetle is frctyucnily attracted to lights in houses, star- 
tling the owners by iu sue and rapid movements. t( you catch it in 
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your fingers, it will cjca a sligliUy caustic and strong-smelling seae- 
tion dilftcult to wash oS. 

Other Ground Beetles. Caltuoitm sycophmita is an introduced speacs 
from Europe. It was brought in because in iu naiisc home it feeds 
upon tlie Brown-tail Moili's larvae. 

Carabus is a genus of large and usually attractisely colored ground 
beetles. In Xorili America, there arc about a dozen spcacs, plus 
numerous subspecies. In Europe and Asia, tlie genus is much better 
represented. Tliese beetles may occasionally be seen slandering about 
in the da)ume, although tlicy are more aciise at night. 

Cycftrus is a genus of tathet large beetles, usually bluish or pur- 
plish in color. A long and narrow head and thorax allow the beetle 
to insert its head into the opening of a snail shell, for the Cychnti 
beetles feed upon the soft bodies of snails. 

neros(ic/iur cootaim many spcdcs of black ground beetles. They 
range in size from three-eighths of an inch to Uiree-quarters of an 
inch. All of them seek cover during the daytime under old boards or 
logs, coming out at night to hunL The numerous species are deter- 
mined by the type of grooves and pits on the wing covers. To any 
but a specialist, they look pretty much alike. 

Lebia contairu some sm^, but highly colored, spedes. Some are 
bright blue or green. They are usually found in Bowers growing m 
weedy pastures. 

BTochinus spedes look very much like Lebiai but are slightly 
larger. They are bright blue, with a reddish head and thorax. The 
wing covers are truncate (cut off square at the tip). IVlien dis- 
turbed, the Bombardier Beetles (as Brackimu beetles are called), 
like a number of other carabids, give off an acrid secretion. The 
bombardier beetles go one better by releasing it with a distinct pop 
as a doud of whitish gas. This so confuses the pursuer that the 
bombardier quickly makes iu escape. 

^fost of the Carabidae prey on other insects. There are, however, 
some t hat are seed or plant eaters. These vegetarians mostly belong 
to the genera Harpalus and ^gonodenu, and a few other dosely 
related genera. 
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PREDACEOUS DIVING BEETLES 

'i'he larvae of tliese beetles (family Dyliscidae) arc called ^Vatc^ 
Tigers, a name descriptive not only of the larvae, but equally appro- 
priate for tile adults. Both have etceedingly large appetites, preying 
upon any water life tliey are able to master. Even very small fisii are 
captured and devoured. 

They are oval in outline, flattened, brownish or greenish-black, 
and frequently marked with indefinite yellow lines. They may be 
distinguished from all other water beetles by the slender antennae, 
the long, flattened lu'nd legs, fringed with long hairs, making an ex- 
cellent pair of oars. 

The adults sometimes leave their watery home, normally at night. 
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flying off in search of another pondL Sometimes tliey are attracted 
from their coune by bright street or house lights and come blunder- 
ing dotra. On land, they are awktvard and almost helpless, pushing 
diemselves about tvith their big hind legs- In the u-ater they are 
right at home, swimming easily or diving to the bottom to hide in the 
water plants. Before diving tliey take in under llieir wing covers a 
supply of air which enables them to remain below for some time. 

If you approach a pond carefully, you may see some dytiscxd 
beetles quietly resting with the tip of the abdomen protruding 
through the surface film. The wing covers are slightly raised, allow- 
ing the air to enter and reach the spiracles, or breathing openings. 

The dytiscids represent the largest family of water beetles. Over 
2,100 species are known, four hundred of them in North America- 
While the great majority are small to medium in size, some of the 
dytiscids reach two inches in length. Most of the larger species belong 
to tile genus Dyliscus. In China, these larger dytiscids, which are 
found in the rivers in large numbers, are much used for food, and 
the collecting and drying of them is a minor industry. They are 
exported for sale in the Chinese quarters of London, New York, 
and San Francisco. 

^VHIRLIGIG BEETLES-SPEEDSTERS OF OUB 
PONDS AND STREAMS 

Everyone who has wandered about our ponds or streams must at 
some time have seen whirligig beetles gyrating on the surface of 
the water. They are fond of each other's company, and hundreds 
of them will gather in a quiet backwater or sheltered spot. Slowly 
they circle about, in and out. 

At the slightest disturbance or approach of danger, the placid 
group becomes a seething mass, the beetles dashing in interlacing 
circles. So rapidly do they swim that the water fairly boils with their 
mad twisting and lurning. No eye is quick enough to follow any one 
beetle. If the danger becomes too acute, they can always dive below 
the surface for protection in the weeds and debris. 

The whirligig beetles are a small family (Gyrinidac) of some five 
hundred species, with less than fifty of these living in North Amer- 
ica. However, some of the species are widely distributed, being almost 
cosmopolitan. They arc easily distinguished from all other beetles 
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by tlieir long front legi, (rhtdi are ilender and fitted for holding 
Uieir prey wjiile feeding. The second and third pairs of legs, al- 
though short, are broadly flattened and fitted for swimming. The 
beetles themseUes are oval, flattened, a greenish or bluish black 
above, and have a distinct sheen. On the underside they are usually 
liglit brown. None of the species are large, tliree-quarters of an inch 
being the maximum, while the smallest is about one-quarter of an 
indi. 

Among the most interesting gyrinid characteristics arc the divided 
eyes. Each eye is separated into two parts by tlie side margin oE the 
head. This is a very convenient arrangement, for one pair watches 
for enemies above the surface of the water, tvhile the otlier watches 
for danger from belotv. 


WATER SCAVENGER BEETLES 

The hydrophilids (family Hydrophilidae) make up the third most 
Important family of water beetles, hfembers of this group resemble 
the Dytiscidae in their elongated, oval, or elliptical, shape, and their 
black, or greenish-black, color. Their bodies are. however, slightly 
more arched in shape, with the second, as well as the Uiird, pair of 
legs fringed svitii hairs, and fitted for swimming. Instead of slender 
antennae, as in the water tigers, tltey have clubbed antennae. However, 
the palpi, the segmented pieces attached to the mouth, are long and 
slender and might be mistaken for antennae, a fact whidi is somewhat 
confusing to the beginning insect observer. 

The method of swimming used by the hydrophilids is different 
from that of the dyiiscids, tor tlie former use their legs altemaiely 
instead of together. This leg motion gives them an erratic course, 
rather than lire straight powerful dive of the dytiscids. In addition 
to carrying air under the wing covers, they carry a supply clinging 
to the liairs of tiie underside. This gi«s them a silvery appearance 
from below, perJiaps making llicm less visible to enemies lurking 
down near the bottom. It is also said tliat some carry a bubble of 
air under the head. Perhaps this makes them more buoyant at ihe 
head end, a condition which m%ht account for their manner of 
swimming with tlte head up. 

At one lime it svas thought that the adult beetles fed entirely 
upon decaying vegetation. It is now known that some, at least, catch 




J852 BEETIXS-MOST NUMEROUS OF THE INSECTS 


and cal iiuccts, snails, even snull fishes, and other small creaiurcs 
they may meet. The lar>‘ac are usually flesh eaten, and when young, 
frequently devour ilielr companions. 

A few of the smaller liydropliilids Iiasc left their watery homes for 
the land. They cannot desert ihcir watery life entirely, so they live 
in moist caiilr, decaying segetation, and the dung of anintals. 

The family is not a large one. numbering only about i,8oo speaes, 
with about two hundred of these living in the region north of 
ico. The largest species measures about two and a lialf inches, while 
the smallest may be about the site of a pinhead. 

CVR-RION BEETLES, OR BURYING BEETI-ES 

This interesting family (SUphidac) U not a group made iip of rcty 
similar members. You will find in it as many different ijpcs as you 
can imagine. Tlie beetles range in site from one-twentieth of an incli 
to nearly two indies. Some ate Rat; others arc noL Some ha'C 
five segments in die feet, others, only four. Still others have a com* 
binaiion of four segments in die hind feet, with five in die front 
and middle feet Some have excellent e}es. others live in caves and 
have no eyes at all. Many have clubbed antennae, vvliile others have 
slender, threadlike antennae. They all agree in leaving at least 
three segmenu of die abdomen uncovered by the wing covers. Thu 
cbaractcrisiic is shared with about fifteen odier families of beetles, 
however, and does not aid greatly in identification. 

Most of the adults and larvae feed upon decaying Resh. but some 
feed upon fungi and decaying vegetable matter. A few. just to be 
different, feed upon beets, spinach, and other garden vegetables. A 
very few, when they arc able, attack and devour snails, insects, and 
even their own brothers and sisters. Some have become 'cry lazy* 
and have found living in ant nesis a convenient life. They probably 
are tolerated by the ants because of the good they do in cleaning 
up waste material in Uie nest. 

HOW CARRION BEETLES DO THEIR WORK 

yVhen an animal dies the siiphids seem to know it very quickly, for 
they soon begin to arrive born several directions. Tliey circle in 
ever-narrowing rings, with clubbed antennae stretched out to th- 
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limit to aid diem in locating ilie body. Dropping to die ground, diey 
carefully tuck their membranous ivings under their wing covers and 
then, like calculating contractors, walk over the carcass to see how 
best to start the work. 

If die ground is suitable, they begin to excavate beneath the re- 
mains. If the ground is hard or rocky, die dead animal must be 
moved to a new location, provided It is snull enough to be dragged 
by several couples, for they almost always work in pairs. There arc 
cases on record where two burying beedes liavc dragged a rat several 
feet to suitable soil. Siiphids almost aUvays prefer smaller animals, 
leaving die larger ones to other scavengers. 

As the siiphids excavate the soil, die body sinks lower and lower. 
Soon it is low enough for the excavated dirt to begin to roll over die 
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body. When die carrion beedes ha\e finished die job die only esi* 
dence remaining ii a Hide spot of newly lumcd soil- An animal die 
size of a mouse can be buried in two or three houn, s«hile a rat may 
receise a decent interment in fixe or six hours. 

Tlie silphids svork fast, for, if diey do not, flics and other scasen* 
gers will soon be on the scene to get their share. If flics arrive be- 
fore the burning beetles liavc covered die body, they vvill deposit 
their eggs, and die resulting larvae will quickly devour the food 
before the ssiphid larvae have even hatched. 

The true burning bcedes belong to die genus Xecrophorus, of 
which we have about a dozen spedes, w-idi a number of subspecies, 
in North America. Tliey are all large beetles from one to one and 
diree-quariers inches long. Black in color, dicy are usually marked 
with one or tv>-o spots of red on each vsing cover. In some, the spots 
merge into red bands. In a few, the thorax is decorated v*-ith fine 
golden hairs. 

In the genus Silpha, the spedes are flat and well fitted for cjawling 
under or into die bodies of the carrion. In these beetles, it is fre- 
quendy the thorax that u decorated with red or yellow. They vary 
in size from one-half to three-quarters of an inch. The spedes of a 
number of other genera are usually much smaller, and are found in 
decaying material or on living plants. 

The family is not a large one; only about i,6oo spedes are known, 
with 140 of these living in Nonh America. The collector of these 
and other scavenger insects can secure spedmens by placing pieces 
of meat or dead animals out as bait. If vultures or other scavengers 
arc near, it is a good idea to cover the bait with an overturned box. 
A visit to the bait at least once a day will yield a multitude of 
silphids, staphylinids, histeridi, and other beedes. 

ROVE BEETLES-INCLUDING THE 
-DEVH-’S COACH HORSES" 

These small-to-medium-sized beetles are easily recognized by their 
very short v»ing covers. In most of the species, the wing covers ex- 
tend back over only about two of the basal abdominal segments; in 
a few, they extend farther, leaving only three segments exposed. 
The second pair of wings is of normal length, and it is remarkable 
the way these wings on be folded and tucked axvay completely out 
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of sight under the small cases. Tlie beetle uses its hind legs and the 
tip ol its turned-up abdomen to place its swings under its ^ving cases. 

The rove beetles (family Staphylinidae) are all rather slender, 
straight-sided beetles, largely black, some dull, others shiny. Some 
arc conspicuously marked with red, yellow, and other bri^t colors. 
A fetv liave golden hairs in patches in various places, ^ving them a 
wasplike appearance. To add to this effea, many of them have the 
habit of raising the end of tlie abdomen as if about to sting as they 
run along the ground. Because of this habit, the English call them 
"devirs coach horses." Tliey arc unable to sting, but many, when 
picked up, ejecta brownish seoretlon which stains the fingers and has 
a strong odor. This is undoubtedly a protective device against birds 
and small animals. 

The fact that the rove beetles are largely scavengers has earned 
them another common name, the sliort-witjged scavenger beetles. A 
good way to collect these insects is to make up a pile of grass, lawn 
clippings, or old leaves amounting to die sire of a bushel basket, on 
a bare spot of ground. After a ferv days, tins can be turned over, and 
numben of staphylinids will be seen scurrying in ai! directions, 
many of them with their abdomens elevated in a ilireatening aiti* 
tude. Carrion or old meat placed under boards will yield other spe- 
cies. 


HOW THEY HELP THE ANTS 

A great many of these beetles have found It convenient to live in ant 
or termite nests, where they probably aid the ants in cleaning up 
\vaste matcrUl. In any case, die ants do not object to their presence. 
Over dircc hundred species have been taken from ant and termite 
nau, making dds the largest group of myrmccopidlous insccu. in 
other words, insects fond of ants. 

Over twenty thousand species of rove beetles are known, with new 
ottes constantly being described and added to our lists. Out-of-the- 
way places, when more thorouglrly explored, will yield additional 
thousands. Nordi America has more than a.700 species. 


SAP-FEEDING BEETLES 

An outdoor phee containing old logs, or a spot where a tree has re- 
cently been cut down, is an excellent location for finding some of the 
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body. When the carrion beetle* have (inithed the job the only evi- 
dence remaining is a little spot of neuly turned soil. An animal tlic 
size of a mouse can be buried in two or three hours, while a rat may 
receive a decent interment in five or six hours. 

The silphids work fast, for, if Utey do not, flies and oilier scasen- 
gen will soon be on the scene to get dieir share. If flics arrive be- 
fore the burying beetles have covered the body, lliey will deposit 
their eggs, and the resulting larvae will quickly devour die food 
before die silphid lanae have even hatched. 

Tlie true burying beedc* belong to die genus Necrophonis, of 
whidi we have about a dozen species, widi a number of subspecies, 
in North America. They arc all large becdcs from one to one and 
three-quarters indies long. Black in color, dicy arc usually marked 
with one or two spots of red on each wing cover. In some, the spots 
merge into red bands. In a few, the diorax is decorated with fine 
golden hairs. 

In the genus SUpka, the spedes are flat and well fitted for craiding 
under or into die bodies of the carrion. In these beedes, it is fre* 
quendy the thorax that is decorated with red or yellow. Tliey vary 
in size from one-balf to diree-quartei* of an inch. The spedes of a 
number of other genera are usually mudt smaller, and are found in 
decaying material or on living plants. 

The family is not a large one; only about i.Coo spedes are known, 
with 140 of these living in North America. The colleaor of these 
and odier scavenger insects can secure specimeiu by placing pieces 
of meat or dead animals out as bait. If vultures or other scavengers 
are near, it is a good idea to cover the bait with an overturned box- 
A visit to the bait at least once a day will yield a multitude of 
silphids. staphylinids, histerids, and other beedes. 

ROVE BEETLES-INCLUDING THE 
“DEVIL’S COACH HORSES" 

These small-to-medium-sized beetles are easily recognized by their 
very short wing covers. In most of the spedes, the wing covers ex- 
tend back over only about two of the basal abdominal segments; in 
a feiv, they extend farther, leaving only three segments exposed. 
The second parr of wings is of normal length, and it is remarkable 
the way these vtings can be Folded and tucked away completely out 
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sap-leeding beellcs (family Nitidululae). Others you will have to 
look for around old fruit, decaying fungi, and carrion. Some prefer 
flowers, where they dine upon the pollen and nectar. 

An easy way to collect tlicsc beetles is by spreading a mixture of 
brown sugar and molasses, iliinned widi a little stale beer or vinegar, 
on the top of old logs in Uie woods. Over this, place some old cliips 
or small pieces of wood. In a short while and for days after, nitiduHd 
beetles will collect for tlie banquet. 

You will notice that most of them arc small, oval, flat beetles. 
In many, the tliorax and wing covers have wide, thin, side margins, 
and tlie wing covers arc more or less squared off at the tip, leaving a 
little of the abdomen exposed. The antennae have eleven joints, die 
last three joints of each antenna being enlarged into a distinct club. 

The family is not a large one, for U numbers only about 2,500 
species, with about 130 occurring in North /Vmcrica. Several species 
are almost world-wide in distribution, for they have hitchhiked 
everysvhere, (raveling in man's food products. 

HISTER BEETLES 

These beedes are mosdy smalUo-medium-sized aeatures, the largest 
being three-quarters of an inch or less in length. They are round or 
oval beetles. Most are black, but a few are decorated with red or 
yellow spots or markings. Some are flat and can crawl under loose 
bark, where they live, feeding on the decaying part of the cambium 
layer. (The cambium layer of a tree is normally the green, growing 
part just under the bark.) It is also thought that they prey upon 
other small insects under the bark. 

Most of the hister beedes, (family Hisieridae) however, are hemi- 
spherical. They do not need to be flat, for these species live in all 
sorts of waste products, decaying animal and vegetable matter, and 
dung. As with staphylinids, a few invade ants' nests, where it is be- 
lieved tliey may prey upon the eggs and young, snatching them out 
from under the very noses of the ants. 

When disturbed, a histerid either lies very still or rolls over on its 
back, pulls its little legs close to its body, and plays possum. In this 
state it looks more like a little black seed than a beetle. 

The family is not a large one, containing only about three thou- 
sand known species. More than 375 of these live in North America. 
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LVDV BEETLES-TlIEm, COLORS GIVE WARNING 


The lady beetles (family Coaioellidae) are the ladybugs of nurs- 
ery rhymes. They are also called ladybirds, this 
ing lengihened to ladybird beelies. The “ 

AfLerrM/ercheri (Mary beelies) and also SomeMlhcUcn (sun aha)^ 
The sciemiBc name is a good descrip.i.e tern., for .1 ^ 

Greek rrord meaning -scarie.." and refers to dre color of many of the 

““wrough many lady beetle, are bright red or V'"-; f 
rsith spots or lines of biack, almost as inany are ““‘y 
in coloring. These are black, spotted «d. red or V'' T' 
mentioned before, brilliant colors in the insect world seem 
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rate Uiat iheir wearers are bad tasting. So it is with the lady beetles. 
Vou can easily find this out for yourself by holding one in your 
hands for a few minutes, particularly if you should slightly pinch it. 
The beetle will expel a strong-smelling liquid from its leg joints and 
sarious other pans of its body> which will stain )our skin jellow. 

Tlie coccinellids are generally rounded or oval, and more or less 
hemispherical in shape. They are frequently confused sdth the chrys- 
omclids (Leaf Beetles) and with the endom)chids (the Handsome 
Fungus Beetles). Tlie lUtce-joinicd feet (actually tlvcre arc four 
joints), and the broad, hatchet-shaped, or someithat triangular, teniu- 
nal joint of the palpi (segmented mouth attadiments) srill at once 
distinguish them from the dirysoroelids. 

The lady beetles are perhaps less easily separated from the cn- 
domychids. for you will Ime to look at the tarsal claws. The en- 
domydiids have simple daws, uhilc the coccindlids have claws that 
arc enlarged or toothed at the base. You will need a lens in order to 
see tilts deuil. Once you are familiar with the two families, you ssnU 
be able to recognize a new specimen after only a superficial examuia* 
tion. 

Coccinellid larvae are oarrosv or oblong grubs, armed ivith tufts 
of brandling and rebranching spines. Although usually rather dull 
in color, some of them are spotted or banded iviih red, yellow, or 
black. They arc frequently seen walking around on the foliage and 
Bowers of plants. The c^s of many of the species are a bright, 
orange-yellow color and arc usually laid in a duster almost any- 
where, whermer the mother wanders, but usually near a food supply- 

SOME LADY BEETLES PREY ON OTHER ANL\L\LS 

Most coccineUids, both larvae and adults, prey on other animals. The 
red and yelloiv species, both adults and their larvae, feed largely on 
plant lice. The blackish spraes prefer scale insects. Consequently, 
all of these species are considered bcncficiaL Lady beetles occasionally 
whet their appetites for more aphids or scale insects by lunching on 
pollen and nectar. 
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SOME FEED ON PLANTS 

UDlonunalEly, there are some coccinelliJs that are 
These belong to the genus Epilachm, a venr large S'™!’’ 
over «o species and scattered in all parts of the world, front U e 
tropia to the colder temperate regions, or t.h»ever '!"= P'“‘ 

sprcies on which Uiey teed are growing. It is in lilts group Uiat 
find some of our most serious economic pests, f 

Two notable pests in this genus, tlte Squasli Beetle 
iorcolis, and recLtly Ute Mexican Bean Beetle. 

Iris (given in the older books as Eftleclmi. corrafla) ^“"5 

considerable damage iliroughout the 3.ward 

larly true of the latter, which, moving trot., the f 

and eastward, from bean patcli to bean patch, has ‘P 

the entire United Sules and southern Canada, from the Rocky 

Mountain, to the AUanUe Ocean. It is "“‘‘"S 

in ll.e growing of beans, boUt commercally and m 

dens. sHreat has this hazard become that many growers have en 

s;^ud. " 

one of the subfamilies. Epilacl.n.dae. of the , 

?ary:;trusroftf;erSnce:'S^^^ 

little lady beetles. 

The Twnspotted lardy Beetle, 

ted species with a black >P™ North America. 

TTadnlriMb^aro m a prolecmd 

riL^l! ‘p-rSil TSs'odX:^ all’enemies to beware of eating 

them, for tliese beetles are bad^mstmg^^^^^^ „.„mologist is 

freqllendydhtrenedw^^^^^^^ 

Ih^ SliLfTnd rp“r^bably so 
dial these bugs are bedbugs. Then 
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rings. And again he lias to assure a panicLy uoman that her bugs arc 
kindly little lady beetles only wanting to cat the aphids from her 
begonias. 

The Ninc^potted Lady Beetle, Cocchiella novemtiolala, is one of our 
larger species. Ucmispherical and nearly round, it has four black 
$jx)i$ on its bright-red wing covers. This species, with its three sub- 
species, ranges throughout the United States and southward into 
Mexico. It is couunonly seen resting on a grass blade or leaf, like * 
little red jewel. 

Oilter Cocdnellids. Ceratomegilla fuscilaUris, a pretty, ratlicr flat, 
red lady beetle w ith six black spots on each wing cover, is a common 
insect around gardens. It is particularly fond of aphids that feed on 
com. Many amateur gardeners, seeing these lady beetles on the com 
tassels, run for the spray gun, thinking the beetles are eating their 
com plants. Actually, if you look closely, you will see hundreds of 
little yellow-green aphids dining on the com, and the lady beetles 
dining on the aphid^ This beetle is common throughout the United 
States and Canada. 

The genus Hippodamia has a number of common species, widely 
distributed in Norilt America. They are generally more oval and less 
hemispherical ilian some of the other species. Hippodamia can- 
vergetts is named for the tsvo converging lines on the Ujorax; paren- 
thciis for the comma-like marks on its wing covers; and tredecim- 
puncCala for its iliirtcen spots. The species mentioned are all aphid 
eaters. 

The Twice-stabbed Lady Beetle. Chilocortu bivulnerus, a scale eater, 
is one of our largest and most brilliant species. It is shiny black, 
with two rather small red spots, one in the center of each wing cover. 
It is found throughout the United States and Canada, although it is 
not one of the commonly seen species. 

PLEASING FUNGUS BEETLES 

On a sunny day in late spring, while resting on a fallen tree or log 
after walking in the vv'oods, you may be surprised to see some brightly 
colored, rather small, hemispherical beetles exploring or just sun- 
ning themselves on the log beside you. These beetles will probably 



BCETLES-MOST NUMEROUS OF THE INSECTS 1861 


belong to the family Erotylidac and are commonly known as the 
pleasing fungus beetles. Tlieir colon arc usually black and red, in 
an alternating pattern ivhicJi makes die beedej rery conspicuous. 
Since these beetles have bad-tasting secretions, they need fear no 
birds and may sun their bright bodies in comparative safely. 

Tlie food of tfiese beetles is largely fungi, jtimost any type of 
fungus shaken over a white clolli will yield some of the smaller spe- 
cies. Staphylinids and nitiduiids. as well as representatives of other 
beetle families, will also be found in tliis way. Tiic larger species 
usually make their homes under loose hark, n-here tliey undoubtedly 
feed upon fungi that attack old logs. 

A rather small family, containing about 3.$oo species, the pleasing 
fungus beetles live mainly in hot climates; a large percentage of them 
live ill the South American tropics. Many of diese are slightly over 
an inch in lengUi and, with Uieir bright colors, when nicely mounted, 
nuke an attractive-looking collection. Tlie Norili American species 
number sixty, with most of these mcasunag under iialf an inch. 

Megalodacne fasciata is one of tlie largest and most conspicuous 
of die northern members of the family. It is shining black, witb 
ttvo reddish bars across (he wing covers. The basal bar is irregular 
and broken, surrounding Uiree small black spots. This beetle is 
found around old stumps or logs in die fungus stage of disintegra- 
tion and varies in size from lulf an inch to hve-eigluhs of an inch. It 
ranges throughout the eastern half of die United Slates, from Canada 
into Mexico. 

Megalodacne heros is similar to lasciala but is larger and less shin- 
ing. Found in the same location, it is more Umiced in distribution. 
Its length is three-quarters of an indi to seven-eighths of an indi. 

THE HANDSOME FUNGUS BEETLES 

A group of beedes that might well be confused with the erotylids. 
die handsome fungus beetles (family Endomychidae) are found in 
the same places and also feed upon fungi. On close examination, 
they can be easily identified, however, for they have only diree 
joinw in die tarsi, or feet, while the erotylids have four joints. Tliey 
also differ in diat they are usually rounder, their hemispherical 
bodies making Uiem look like lady beedes. Endomydiids arc rarely 
as brightly colored as die lady beetles, and do not frequent gardens 
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or flowers but live in deep woods around old logs or dead trees. 

The endoin)chids are also (icquenily mistaken for Leaf Dcctles, 
which belong to the family Clirysomelldac. Here again, the tarsal 
joints will at once answer the question, for the leaf beetles base die 
third segment distinctly divid^ into two lobes, while in the cn- 
dom>chids. the second segment is divided in tsso, and both first and 
second segments arc enlarged. 

Only about 950 species have been described, with a little os« 
thirty-five of tliese from Nortfi America- Little is known about thcjr 
life histories. 


STE.M borers 

If you should find some brightly colored beetles that look like croiy- 
lids but are very long and slender, ilicy undoubtedly would not 
be any of die pleasing fungus beetles, but members of the family 
Languriidae. For many years the langurids were considered a *>>1^ 
family of the Eroiylidae, and are still so considered by a few beetle 
experts. Structurally, tliey are very closely related, but biological!)'' 
tJiey are quite diSerenc. 

Tlte narrow, cylindrical shape of their bodies suggests that Ian* 
gurids are well fitted to live in burrows or tunnels. And that U ex- 
actly where the few whose life histories we liave studied do live. 
Aaually, vte know little about the habits of most of die species. 
These few that we have watched are stem borers, preferring plants 
that have a pithy stem, meaning a stem diat has its center filled 
with spongy tissue. These insects are not seen around old logs, but 
are usually collected by sweeping gras and vegetation with a heavy 
uisect net. Sweeping, incidentally, is also a good vvay to collect other 
insects. As you walk along, you swing your net back and forth in 
front of you, sweeping the tops of the grass, bushes, and other vege- 
tation. 

The larger species, some up to an inch in length, are found in 
the tropics, where the family, which numbers about four hundred 
species, is richest. The twenty species living in N'orth America are 
all less than half an inch long. 

The Clover-stem Borer, Languria mozardi, is not only a pest on the 
*dovers, alfalfa, and other leguminous plants that are cultivated, but 
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probably does some good by attacking svced plants that are not 
useful to man. . . , , . 

A small species, about a quarter of an inch long, u is slender and 
dark blue, with a disiincUy reddish thorax- It is widely distributed, 
ranging over the entire eastern half of the United Suies, from 
Canada to the Gulf states. 


SKIN BEETLES-THEY CAUSE ENORMOUS DAMAGE 

We are all [arailiar with the family Detraeilidae, perhaps not with 
the insects tlremselves but certainly witli tile damage they do. 1 liere 
is hardly a person who has not l.ad occasion at some t.me to cuss 

these beetles and their larvae. a . i t. 

Perhaps the coat you put awa, in a closet, but neglected to loot at 
for a time, is discovered to be loll of holes. Or tlie new rug and the 
upholstered furniture may seem to have lost their nice 
Examining them closely, you are amaied to Bud they have been eaten 
here and there. Certain dermestid beetles, but patucular y their 
larvae, cause millions oi dollars in damage to goods manuiactured 
from any animal product, such as wool. iur. , 

leather. Dried food products made from mean and occas.onaUy pam 
and vegetable products, ate also considered fine 

Since so many of the Dermesudae have been associated wi h m^ 
or his products ior so long, it is only natural that we ^"d 

many o"! the species -ar.y oj^ me^SSU tnown 

species, at least one hundrea have tia 

SKIN BEETLES ARE FOND OF POLLEN 
None of the dermes.ids are larger in fact, many are quite small not 
much iarger ^i.'^froUd '"eetrdemeiy 

= v“2X^^ "5 Thes'rr; fre’: 

mottled with white or red modified ha.m or J 

quenily aranged in patterns cliaracteruuc o j 

You will rfnd many of the smaller adnlt spec.es 
upon pollen. They normally "tro ro Th 

taking up with man, and th^ Sim 
homes from tune to tune. The larger spec t 
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ihe genus Dermesies) usually live around carrion, dead animals, or 
old meat. 

The larvae are more destructive than die adults, for they arc 
exceedingly greedy if food is plentiful. If food is scarce, they are 
able to survive for long intervals without eating. Ordinarily, for most 
species, the life c)’cle is one year, but it may be extended for two or 
diree years, if the temperature b considerably losvercd. The grubs 
are hairy with die hairs frequently arranged in tufts or bunches. 
Longer hairs, ishicli are sometimes barbed and arranged in bunches 
or patches of very close hairs, decorate the larvae on the tail end or 
in various other places. When ready to pupate, they frequendy re 
main partially tviihin die larval skin. Tanners call the Dermestei 
larvae "skin ivornu." 

The Larder Beede. Demtesles lardarius, b dirce-eighths of an inch 
long and black, except that the basal half of the wing co\cr b yel- 
low brown, crossed with a tow of six blackish spots, dirce to each 
vring coter. These beedes are frequendy found in pantries, where 
they feed upon dried meat, and particularly bacon, that may hate 
been overlooked or forgotten. 

Dermestes cadaverinus, vulptnus, and a number of other specie* 
are about the sire of lardarius, but are dull black on the upper side 
and densely covered wiUi white scales below. The arrangement and 
pattern of these scales identify the numcious species. An interesting 
scifliliirc use b made of some of the Dermestes beedes, particularly 
vulpinus. Museums, in preparing bones for study, place the bones 
nearly cleared of all meat in dght cages containing Dermestes lar- 
vae. The larvae quickly eat off all remaining pieces of meat, leaving 
the bones well cleaned. 

DESTRUCTIVE HOUSEHOLD PESTS 

Tlic genus AnlJirenus contains a number of species much smaller 
than the Dermestes. The adults are liiUc. roimd beetles, mottled 
with red. yellow, brown, and black scales. About an eighth of an 
mch long, or slightly less, and nearly as broad, they are attractiie 
insects, especially when vieived with a lens, for then their real beauty 
U brought ouL Tlicy play possum when disturbed: folding their legs 
close to the body, they look like litUe, round seeds. Look for diem 
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in Dowers o£ all kinds, because tliey love to dine on pollen. LMk 
tor tliem also on your window sHls. If you find any, start looking 
tor the laryae, hairy grubs about a quarter o£ an inch long, in your 
rugs, ivoolen clothing, and your upholstered furniture, for these ate 
destructive household pests. 



ONCE II lED ON SUfFAlO HIDES 
Th« bvHcilo corp.1 b«»ll» 9«* •'» 
Iflund In homaa ond wofnliogana, wli*i 
{I«fO la wbifuh, bill « cov»a«d n-ilh 
(rfshl) ia alolhad with atalaa 
thia peal la dfo-n much •nlBifl**!- 


r* lia grub lenda e» wool, 
bkKlt briarty fco'f* «» '* 
,1.d in amJ. blocli. browr 


illalo hidol II il 
nd foolhora. Tho grub 
ork. Tilt adult boollo 


wkito. In Iht piclura 


The Buffalo Carpet Beetle, W-.Uuemu 

da^aglS Utoa^ 

will discourage them. 


The Black Carpet Beetle, Atlagenas ^hair!m ^inchTii 

if not more so^The adulu »e 'f .fe 

length. You should look lor Uiem around Uie h - 
sills, or in bathrooms, where Utey can easily 

rugs, or on e, other in closer. 1.^-^,“ “d has e a long 
which do the damage, are liairy, red g" 
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brush o£ hairs trailing from the tail. Although they prefer animal 
products, they do \ery well on dry %-egetable products, especially 
if some animal fats or oils are near-by to stimulate their appetites. 



THE BLACK CASrir lEETlE-ANOTHCB SEBIOUS PEST 

Th« (ana o< gmh Ir/ghf) b whlHih, bvt «OT«rt4 whh belli, oed ol»o b«* • 

leng re^b'e'tA toil, vrbicK it mar TIm edgit ()*H) b largir tbee the bgKele cvp** 
bMlU end b dull bteck. Tbb beettob Iona, which feedi en weel. hr, end feethtn, b 
ebe fend ef ail/ vegeteble preductv Oevc, neodlei, neceient, end the liU. luffele end 
blech corpel bectlu oie ecliieeled fe de eulllenn ef dellen* weilh of detnoge enauollT. 


CLICK BEETLES OR SKIPJACKS- 
POPULAR INSECT ACROBATS 

\Vho has not marveled at the way these beetles (family Elateiidac). 
when placed on their backs, are able to snap into the air? The author 
remembers his delight as a child in forcing a skipjack to do this, 
time after time, until the poor beetle was completely worn out. 
Undoubtedly, the beetle enjoyed it far less than did its audience. 

\Vhen disturbed, the click beetle lets go its hold on leaf or 
and falls to the ground With legs folded close to its body (and in 
many species they fit into special grooves), it lies still, usu^ly on its 
hack, looking like a chip of wood. When danger is past, the beetle 
sloiviy returns to activity, reaching out with its feet to grab any stick 
or stone within reach that will enable it to turn over. Should nothing 
be convenient, it tlicn resorts to its snapping apparatus. 
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WHAT MAKES THE CUCK BEETLE CLICK 

This apparatus consists of a spine on llie underside of the prodiorax 
(the front portion of the thorax), svliich slides in a groove on the 
underside of the nicsothorax (the middle portion of the thorax). 
TJie beetle is loosely jointed between the proihorax and llte rest of 
die body. 

When lying on its back, the beetle straightens out, bending die 
thorax farther and farther back, as In cocking a gun, until the spine 
is at the very end of the groove. Suddenly, there is a snap, accom- 
panied by an audible click. The release of the muscular tension 
forces the shoulders or base of die wing covers against the pound 
with such force as to throw the insect into die air to the heiglit of 
four or five inches. If it lands on iu feet when it comes down, it 
hurries qI for the nearest cover. It may have to try two or dircc 
snappings, however, before alighting properly. 


A CLOSE LOOK AT THE ELATERS 

Elatcri, as these creatures are sometimes called, arc usually longish 
beetles; their bodies have parallel sides but are rounded or tapering 
behind. They have long, slender, but distinctly senate (saw-toothed) 
antennae; and the hind angla of the thorax in most species are pro- 
longed into a distinct spine. Tlic marked separation between the 
Uiorax and the base of die wing covers, and the thoracic spine will 
at once identify diem. 

Many of them arc somber brown or gray. However, almost as 
many arc shining and brilliantly colored in pccni. yellows, reds, 
and blues. These brilliant species are usually confined to the trop- 
ical rain forest regions (those Iwving an annual rainfall of one hun- 
dred inches or more) of South America. India, and die East In- 
dies. Elaters range in sire from little species less than a quarter ot 
an inch to giants of two and a half inches or larger. Of t le nine t loii 
sand known species, nearly seven hundred occur iu North Aiiicricx 


THE STIFF UTTLE WIRF.WORMS 


The larvae are long 
liglit brown nr straw 


,„d ilcoilcr. clindfical and imoodi. u.lial), 
.„lo,cI. and «..uld l.«.V ML. .ny udi and 
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Strange eartht\'onns, if it were not £or the three pairs oi small £eet- 
Because of their stiffness, the larvae are called ^Vireworms. A great 
many will be found in old stumps, rotting tvood, or decaying vegeta- 
tion. A number are tinderground animals, feeding upon seeds, bulbs, 
and the roots of plants and trees. Some of these are serious pests 
because of their fondness for agricultural crops. A few live in ant 
and termite nests. 

The Eyed Elater, Alans oculattu, is one of the most conspicuous 
snapping beetles in the United Sutes. where it ranges over the enure 
eastern half of the country. Individuals vary from one and a half to 
two inches, although very small ones of one inch have been found* 
This beetle is black in color and flecked with fine white scales. Oo 
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llic upper surface of llie thorax arc two velvciy-black spots ringed 
tvilh a circle of tvhite scales. These spots arc nearly thrce-sixlcenlhs 
of an incli across, and look like two glaring eyes, this being the reason 
for the insect's common name. Tire larvae arc sometimes uncovered 
in old apple-tree stumps. 

Other Interesting Click Beetles. Ahus myops is slightly smaller tlian 
oailalns, with much smaller eye spots. Instead of having tviiite scales, 
it is flecked with brown or red-brown scales. Myops is more common 
throughout the southern states. 

Alaus melanops replaces oculatus in Uie Pacific states. It is gen- 
erally smaller and less brightly marked. 

Alaus lusciosus, found in Mexico and tlie extreme southwestern 
states of Texas and Arizona, has the white scales collected in several 
small patches. 

/Jfauj mu:«c/u makes iu home in the Congo region of Africa. It 
has no eye spots but is confusedly mottled witfi white, gray, and 
brown scales. 

Melanactes piceus, a large, shiny, black elater, one to one and a 
quarter indies long, is frequently found under loose bark or on tlie 
ground under old logs or stones. 

Semioft/s is a genus of tery brightly colored beetles ranging from 
Uie sniddle of Central American countries into southern Brazil and 
northern Chile and Argentina. Beetles in this group are mostly large 
species from one inch to one and three-quarters inches in size. A 
few measure less titan one inch. Nearly a hundred species are known, 
dressed largely in yellow and black, or red and black, and polished. 
They arc slender and taper sharply to the lip of the wing covers. 

Chalcolepidius is another genus of large, bulky, brilliant elaters. 
They occupy the same region of South America as Semiolus, but ex- 
tend up into the southwestern United States, and one species is 
found in Virginia and surrounding states. 

FIRE BEETLES 

Pyrophorus, a genus of luminous elatm, commonly called Fire 
Beetles, or by the name of cucujas (there are several spellings), is 
wddejy distributed from tJie soulbero United States to Argentina and 
the ^Vcst Indies. It comprises mostly large beetles, easily recognized 
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by the luminous organs, uhtch are t«'o yelloiv spots, more or less 
elesuted. one near each hind angle of the thorax. At night, these 
spots glotv iviih a soft, green light as the beetle rests on a tree trunJ- 
A glimpse of a fire beetle in Bight is a sight neser to be forgotten, 
for in most spedes, when the wings are spread, the abdomen fairly 
flames sdth a brilliant, orange light. Nearly a hundred speacs hare 
been described, but it is quite certain that when the genus u in- 
lensively studied, with working material as-ailable in the ojllections. 
many of these spedes will be found to be identicaL A dosely re- 
lated genus, Photophorus, with similar luminous organs, is found 
only in the East Indies, and has only two spedes. 

In the sarious regions in tvhich they occur, these fire beetles are 
often used by the natives as a source of illumination and decoratioiu 
Three or four of them in a bottle will give considerable light. The 
author has been able to read print by the soft glow that they gi^e 
oS. At local dances, the native women sometimes fasten a number of 
these beetles to their clothing, and even in their hair, to give addi- 
tional charm to their blacL hair and their plain dresses. 

METALUC ^VOOD-BORING BEETLES 

These dose relatives of the click beetles resemble them to a coniid- 
ejable extent. They differ by the ijfk of the pn»temal spine (the 
spine on the underside of the prothorax, or front portion of the 
thorax). There is no loose-joiniedncss between the prothorax and the 
rest of the body. The ror angles of the thorax arc not sharply pi®" 
longed, the antennae, although saw-toothed, are generally much 
shorter, the eyes more protuberant. 

Members of the Eanuly Buprcsiidae. these insects are mediutn-to- 
large beetles, often brightly colored. v%ith metallic, and frequently 
iridescent, greens, blues, reds, and yellovvs. Because of the bright 
colon and hard bodies, they are frequently used for decorative pur- 
poses, both by the natives of the less dvilired regions, who fasten 
them in their hair and clothing, and by dealers, who use them in 
jewelry and an vvort, and to sell to collectors. 

These beetles love the sun. the larger ones resting on dead or 
fallen timber, the smaller spedes on leaves and flo>*er$ of more 
herbaceous plants. They arc extremely active, and the collector must 
approach v«iih caution, for they axe gone at the slightest disturbance. 
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On cool or cloudy days, Uicy frequently drop to tlie ground, ^vherc, 
with legs retracted and close to tlie body, they are practically invisi- 
ble. Tlie buprestid collector must be speedy with his net, to get those 
that lie sees. Many of the smaller species can be obtained by ssvcep- 
ing or beating tfie vegetation and particularly tlte branches and 
leaves of dying trees and shrubs. 

The eggs are placed by the mother in a hollow she has chetved 
in tlie bark of the particular host her species feeds upon. Imme- 
diately after hatching, the little grub bores into the bark, feeding as 
it bores. Its very small head is set into the next segment, which is 
mucJi enlarged and flattened. Behind this larger segment, the body 
narrows down. In this stage, the grubs are spoken of as Flat-headed 
Borers, or Hammer-heads. They have no eyes and no legs. 

The grubs follow tlie cambium layer of a tree and sometimes 
penetrate ilic sapwood. Because of the flattened, but enlarged, seg- 
ment, the resulting burrow conforms to this shape. As the larva 
matures, it -works to tlie outer surface, leaving only a tliin shell of 
tvood separating it from the outside world. It pupates here, and 
then, as an adult, cuts its way out. 

The family is rather large, with over eight thousand species, nearly 
six hundred of these being found in North America. Many of the 
species are of considerable economic importance because of die dam- 
age that tlicy do to growing plants and uces. Actually, however, 
most of the species attack diseased or dead and dying trees. 

Tile Flat-headed Apple-tree Borer, Chrysobothrii jemorala, attacks not 
only apple trees but numerous oUier fruit trees and forest trees. ^VheTC• 
ever it oorurs in numbers, considerable damage is certain to result. In 
the spring, the adults love to rest on tree trunks, sunning themselves. 
Their brown color and roughened wing covers blend in with the bark, 
making it difTicuIt to sec them. When Uiey fly, and dicy do so with ex- 
treme speed, the green abdomen shows like a streak of light. Tiiis 
species is about half an inch long. 

Odicr Notable Buprestids. Euehroma giganlea is probably die largest 
of the buprestids. It is two and a lialf to three inches long and one 
to one and a quarier inches broad. Tlic coloring is quite variable in 
the individuals, but red and green arc the dominant colors. Tlie 
head and thorax are greenish, with the discal pan of the thorax 
darker. In the subsjjecies golSalJi, this dark area is more or Jess 
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broken into two smaller spots. The wing covers are reddish or cop- 
pery, with greenish highlights. This beetle is found from the more 
tropical part of Central America throughout the northern half of 
South America, and in the West Indies. 

The genera C/irj'iocAroa and Stemocera have many brilliant 
species living in the tropics of eastern Asia. These beetles are much 
sought after by collectors and consequently command a good price. 

Dtcerca divaricala is perhaps tlie most common species of bupres- 
lid in the eastern part of the United States. It is nearly one inch 
long, svith die tips of the wing covers prolonged into tivo blunt pro- 
jections. It is a shining coppery or brassy color above, with flecks of 
darker brown scattered oser die surface. These beedes arc frequendy 
seen on dead or dying beech, maple, cherry, peach, apple, and other 
trees not of the evergreen group. 

Chalcophora vir^nieiuU is one of the largest species in die eastern 
United States, reaching a length of one and a quarter inches. It 
not as brilllanUy color^. being blackish bronze, the thorax and uHnS 
covers presenung a brassy impresstoD. The head and thorax base a 
deep middle groove. The wing covers have four to six impressed 
spots. A spedes seen in the western United States is CAaleopfiora 
angulicoUit. 


FIREFLIES-NATURES EVENING SPARKLERS 

Everyone, even the city dvieller, is familiar with those small, fiat- 
soft-bodied sparklers of our early summer evenings, the flreflio- 1^ 
die largest cities, jou have only to ^ on a muggy July evening to 
the nearest park, or any place where vegetadon is at all plentiful, 
to see at least one lightning bug, as they arc often called. 

\N’ct meadows or swampy woods will sometimes fairly teem with 
them. Although the light is not as fong lasung or as brilliant as that 
of the luminous elaters of the tropics, it is very pleasing to see and 
excites much interest. One of the roost remarkable facts about the 
fireflies is that the light they produce is without any heat or loss of 
energy, a strange accomplishment that man, with all his forms of 
light, has not been able to achieve. 
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HOW THE FIREFLIES PRODUCE LIGHT 

The luminous organs arc located on the sixth and seventh abdominal 
segments, also sometimes to a lesser extent on others. They are dis- 
tinguished by tlie lighter-yellow color of this area. It is in these 
segments tliat a special fatty tissue permeated vritb numerous tracheae 
(little tubes through which atr is com'cyed) lies. This fatty tissue 
contains a substance called iudferin, which is acted upon by the 
enzyme luciferase, producing this nearly cold light. Tlie light is con- 
trolled at Uie svill of tire insect and is believed to be a signal be- 
tween the sexes. 

Eaclt species is thought to have its own code of signals. Recent 
investigation seems to indicate that it is not so much the light — either 
color, brilliancy, or length — but rather the length of the interval tiiat 
makes the code. Experimenters liaxc tried flashlights, cigarette light- 
ers. and even matches. As long as Utcy kept the interval between 
flashes the same as that used by the surrounding fireflies, liiey could 
get a response from them. Other workers think that the undulations 
of tlie insect when in flight might represent a code used by the vari- 
ous species. The problem still awaits more study. 

WHY GLOWWORMS ARE GROUNDED 

There are some species of lightning bugs in which the females are 
wingless. These are called glowworms, and are doomed to a 
"grounded” life, rather than the aerial delights of their mates. Ac- 
tually these females arc s'ery much like cheir larvae, but dtlTer in that 
they possess compound eyes, rather than the simple ocelli of the 
immature. Some of the larvae show traces of luminosity. 

Not all members of this family (LampyTidac) arc luminous; in 
fact, the greatest percentage arc not. These arc usually placed in 
other subfamilies than the true nreOics, the groupings being based 
on their structural dilfcrcnccs. The lampyrids, botli larvae and 
adults, are flesh caters, preying upon small insects and insect laPr'ac, 
small arthropods, and snails that they find in old leaves, humus, or 
on Ute ground. 

Nfore than two tliousand species have been described. About 
sixty of Uiese are found in North America. The rain-forest regions of 
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llie tropics are rich in species, the largest ol them readiing a length 
of an indi or slightly more. 

Tlic European Glowwonn, Lampyris noctiluca, is the glotworm wc 
read about in English and European literature. Tlie male is stinged, 
dark broun, and half an inch long. Tlie female is larsiform (tdng- 
less and grubllke), light brown, and tlirce-quariers of an inch long. 
It glows with a soft, bright light, quite delightful and amazing to 
see. No wonder it has been the inspiration of poets and other writers. 

The genera Photinus and Photurus are North American and con* 
uin most of the luminous spedcs. Tlicy nuige over the entire east- 
ern United States, from tlie Atlantic Ocean to the Rocky Mountains 
and from the Great Lakes southward. Both sexes are winged and 
luminous. These are our familiar lightning bugs. 

Plwuiis splendidula occurs in Europe and North America. The 
male is winged, but the female is lani/orm. 

DARKLING BEETLES 

These beetla are frequently confused with the Caiabidae, or ground 
beetles, for they are usually found wandering about on the ground. 
In fact, the darkling beetles (family Tenebrionidae) are sometimM 
called the darkling ground beetles. .Most of them, howescr, prefer 
conditions entirely different from those sought by the ground beetles. 
The darkling, or tenebriooid, beetles like dry and even semi- 
desen surroundings, while the carabtds like moist, humid places. 
Both like darkness and usually do their active hunting at night- 


SOME DARKLING BEETLES LIKE LIGHT 

Not all of the darkling beetles are night prowlers. Some are lovers of 
daylight and may be seen walking sedately along in arid regions. A 
few of these, when touched. lower the head to the ground and ele- 
vate the abdomen, like a small boy trying to stand on his head. Smell 
your fingers, and you will probably detect a strong, offensive odor, 
undoubtedly useful as a protective device. These head-standers ate 
called pincate beetles. 

The Tenebrionidae belong to the heteromerous group (men- 
tioned at the beginning of the discussion of beetles), which havr 
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five-jointed ursi, or feet, oa tlte front and middle pairs of legs, but 
only four-jointed tarsi on liie rear pair. The antennae are usually 
beadlike (each segment rounded), instead of long and slender as in 
the Carabidae. 

Many of the species iiave become so closely associated tvith the 
ground as to have lost their membranous tvings through disuse; and 
in some the wing covers have even grown together, retaining only as 
an indentation the line tvhere they met. Nearly all are black, gray, 
or brotvii. A few are decorated ivith red or yellow spots or marks, 
while in the tropics some look like brilliant gems. They vary in size 
from tiny creatures one eighUi of an inch to giants of two and a half to 
tliree inches. Most of them are medium-sized. 

DARKLING BEETLES ARE SCAVENGERS 

Most lenebrionids ore scavengen. feeding upon dry or decaying 
vegetable material, seeds, cereals, fungi, dung, and occasionally on 
living plants. Some live in pleasant association with ancs in the lat* 
ter's nests. Since so many feed upon waste material, the family as 
3 whole can be considered beneficial. 

The larvae are generally long, smoodt, and slender, yellowish or 
straw colored, and resemble the wiry larvae of the Elateridae. For 
this reason, they are called False Wireworms. Tliey feed upon the 
same material as the adults. 

Tire Tenebrionidae are a large family, numbering more than 
fourteen thousand species. More ilran i,ioo of iliese are found in 
North America. 

The Meal Beetle, Tenebrio moUtor, is a well-known brownish-black 
beetle, three-quarters of an inch long, commonly seen around grana- 
ries, flour mills, stores, and barns. Sometimes you will End meal 
beetles in your home where flour and cereal products are kept for 
a long lime or overlooked. The lar\a. known as the Meal Worm, is 
raised in large numbers (or feeding birds and some animals. So 
great is the demand for meat worms tliac a supply industry of size 
lias developed. 

Tfic Red Flour Beetle. TriboKum ferrugineum, the Confused Flour 
Beetle, Tribolium conjusum, and the Broad-homed Flour Beetle. 
CriatAoccrur coniutus, arc alt smalt, rAtdish-brocm species, less than 
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a quarter of an inch long. Any or all of ihcic may in«dc your home, 
coming in as stowaways in packages of cereal. Hour, or similar ptwl- 
ucu. They Itave uaseled in this manner to all parts of the world m 
man's products and by his commerce. 

The Churchyard Beetle, Dlapt mottUaga, is a dull-black, one-mth' 
long. European beetle, found hequcnily in damp places such as 
cellars and churchyards. 

The genus Eleodts is Sortlt American and contains about Ha 
spedes. all occurring in the West and Souths esu They are rather 
large, smooth, black species, feeding upon growing plants, and tome* 
times, uhen numerous, doing considerable damage. 

TU.MBUNG FLOWTR. BEETLES 

If you examine almost any composite or Hat. open Qomct, you are 
certain, sooner or later, to see a tumbling Bower beetle, a curious Uule 
humpbacked creature, with a %ery sharp-pointed abdomen. When 
first seen it will hate iu head buried in the stamens of the Soner. 

Not for long will it suy in thb position, bowner. for it is pro®P* 
to Sense your presence. With a few quick kicks of iu strong hind 
legs, it goes rolling head oser heels in wild somcrsaulu until eseniu* 
ally it tumbles out of the Sower and is lost in the grass, or spr^^ 
iu win^ and fiies elsc^«here. 

All of these beetles (family MordcUidae) are small, seldom meas- 
uring more than half an inch, and silky black from the very brie 
black hairs which cover tbem. Some of the species are mottled wrilh 
whitish or yellowish spou or lines. Tltcir tarsi (feet), which can be 
distinguished only with a lens, are of the beteromerous type, with 
five segments on the front and middle pairs, but only four oo the 
rear pair. 

Only about nine hundred species are known, nearly two hundred 
of these living in North America. 


STAC BEETLES— A VANISHING RACE 

The Slag beetles are so n a m ed because of their greatly developed 
m a n d i bles, or jawrs. Nearly as large as the beetle itself, in some 
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ctcs, and brandling as ilicy do, tlicse jaws very much resemble a 
stag’s antlers. As in the deer family, it is only the males that have 
this odd development. These beetles (family Lucanidae) arc also 
called pindiing beetles by country boys, who find them very useful 
in livening a dull moment, as is so well related in Mark Twain's 
The Adventures of Tom Sawyer. 

As to what the actual purpose of these large, and sometimes gro- 
tesque. mandibles may be, we have only the most vague ideas. We 
do know, however, that in some species a male will use them in fight- 
ing another male. This lighting is not a pinciiing process, but a butt- 
ing maneuver. Two males will face cacli oilier and start pushing 
and butting, tlieir strong-musded legs braced for the final push that 
will cither overturn or shove aside the weaker combatant. 

The vanquished one tlien usually retires from the field, leaving die 
female, who has been standing quietly near-by, to the winner. The 
pair usually stays around die old stump or log which to them is 
home. Here, the female will probably lay her eggs in a little pocket 
she excavates in die wood with her short, but very powerful and 
dTicicni mandibles. Terhaps another male rival will appear, a situa- 
tion vvhidt usually calls for another light. 

FINDING Tilt RIGHT NURSERY 

Both sexes are able to fly in a sort of undirected flight, lie is in search 
of .1 mate, and she is in search of an old tree or a stump in the right 
stage of decay to fit the needs of her children. It must be exactly 
right, for her diildrcn, in the form of fat. white grubs, must live 
In it for two )cars. and in some species, even longer. During this 
period, the wood must not become too wet, or, more important, 
must not dry out. 

Finding such a nursery is becoming an increasingly dillicult task, 
for widi man's desire (through inadequate knowledge and under- 
standing) to “clean up" every remaining wood lot, there are few 
old trees, in any condition wliatsoevcr, left on the forest floor. “Burn 
and destroy" seems to be Uic modem watchword. When old logs 
and fallen trees arc bunted, muds of die value of the wood is lost 
intu the air, whereas the slow duimcgraiion by insect and fungus 
attack returns these valuable elemenis lo the soil. 
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BRIGHT UGHTS ARE THEIR DOOM 

Stag beetles were common in the author's rliildhood, but they 
seldom seen today. Another cause for their disappearance, in addi- 
tion to tlie decrease of suitable breeding locations, is the inaeased 
number of poiverful lights along our highways. 

Stag beetJes, like many another insect large or small, are attracted 
by the bright lights. They fall to the ground and are either run over 
by passing autos, or, what is more likely, are stepped upon by some 
passing individual endow ed only with the idea, through lack of knowl- 
edge. that all insects are harmful and should immediately be exter- 
minated. 


STAG BEETLES PREFER MOISTURE 

The family has representatives all over the world, but the majontf 
lire in the humid rain forests. Here, also, the species reach their 
greatest size, some being nearly (our inches long. Even in the tem- 
perate regions many of the species are quite large. Only about oja.t 
hundred spedes are known, with thirty of these living in North Ame^ 
ica. 

Odonlolabis alces, found in the East Indies, is probably the largest 
spedes. Large specimens are four inches long, one and a quarter 
inches broad, and rather Sattened. They are a very dark brown, 
nearly black. 

Lucanuj capreolm (in some books Lucanus damn) is widely dis- 
tributed over most of the United States east of the Rocky Moun- 
tains. It is a beautiful, rich, redduh brown, with the upper legs a 
lighter shade. Specimens vary in size from an inch to one and a hail 
inches. The mandibles in the male also vary, from a quarter of an 
inch to half an inch. 

Lucanus placidus, common in the central United States, is similar 
to capreolus but is a very dark reddish brown; the legs are not lighter 
in color. 'The surface of the wing covets is rather rough. 

The Giant Sug Beetle, Lucanus elaphus, is the largest of the lucanids 
in the United States. It resembles Lucanus capreolus in iu rich, 
brovm color, but the mandibles are twice as long, curved and branch- 
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mg, and very aniler-like in appearance. One wonders how tlie beetle 
can manage such awktvard appendages and eten ily ivith tJie/n, for 
lliey arc frequently two-thir^ die length of its body. A large speci- 
men of Lucanus elaphus will measure two to two and a quarter 
inches. This beetle lives only in the southern half of die United 
States. 



The Stag Beetle, i,ur<i»ius cervus, is very much like the gi.int slag 
beetle of the United States, but is European, ranging soutiiward from 
England and Germany. The male has extremely long and branching 
mandibles. 


The CiraHc Stag Beetle, Cldciogiiol/iusgira/^e, lias slender nundiblcs 
as long as its body, sharply toadied on the inside. It is reddish 
brown to black and lives in Java and southern India. 
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BESS BEETLES-TIIEY SING A WAItNING SONG 

When )ou arc exploring old logs for other insects, you will undoubt- 
edly sec some of die Passalidac. All of the species of the family look 
very much alike, and, once seen, will ahvays be remembered. 

All these beetles are black, except ilie newly emerged adults, which 
arc a rich brown until they can develop their full pigmentation. 
Their wing covers are deeply strbted, or grooved, and die body u 
squeezed together just behind the proUtorax, making them appear 
almost as if cut in two. There 1$ only one odicr group of beetles that 
are deeply constricted and resemble die passalids, and these are 
ground beetles belonging to the genus Scarites. 

The passalids arc generally larger, ranging from ihrce-quartcr-lnch 
individuals to tropical giants three indies long. Aldiough a small $p<’ 
cies of Passalidac may look like a Scariles, Uiey can be instantly idea- 
lined by the antennae. lu die Passalidae, the last diree segments are 
lamellate, or platelike, very mudi as in the lucanids, to which they 
are related, but coil up in an arc shape. 

A SOCIAL CROUP OF INSECTS 

When you find one passalid you are very likely to find more. You 
will probably also find larvae and pupae, and, if you look closely, 
you may even find the eggs. Passalids are beedes that show social 
tendendes. The adults care for the eggs, feed die laivac, by givinS 
them chewed-up w'ood, and herd them deeper into the burrows, when 
disturbed, away from danger. If left to themselves, the larvae would 
probably be unable to survive. 

THE SONG OF THE PASSALIDS 

When disturbed or if taken in the fingers, a passalid beetle makes a 
creaking or hissing noise, produced by rubbing its abdomen op 
and down against the wing covers. The larvae are able to make a 
somewhat similar noise by rubbing die small third pair of leg* 
against a ridged plate near the base of the second pair of legs. 

It is from diis sound that tlie passalids get their name bess beedes. 
Listen, and see if you do not think they are saying, “bess, bess, 
bess. Although this sound is probably useful in frightening off some 
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enemies, it is believed to be a community signal, bolli for warning 
ol danger and for social commimicaiion. 

DWELLERS IN THE TROPICS 

About four hundred species of passalids have been described, but 
only four in North America north o£ Mexico. Most of Uie others are 
in the rich, humid, rain-forest country of the tropics, where plenty 
of old trees remain. 

FassaUis coniulus is the only species of this interesting family in 
the eastern United States. If tlie author were to adhere exactly to 
tlic rules of nomenclature, lie would drop tills old and svell- 
established name and use the newer name Popilius disjiinctus. But 
since die insect is so well known under the former name, it is used 
here. 

Measuring one and a quarter to one and a half incites, this beetle 
is among the largest In the North American fauna. Black, like ail 
of its family, it has short. Utick antennae, curved $o that they are al- 
most elbow-sliaped. Tlteir grubs, or larvae, arc very large, bluish 
white, and liave only two distinct pairs of legs. The third pair arc 
merely small flappers and are used only to make noise. 

SCAR.VBS-THE COLLECTOR'S FAVORITES 

This large family (Scarabaeidae) is one of the most popular with 
collecton. Their generally large size, bright colors, and unusual 
shapes make (hem very actraaivc beetles to study, wficn properly 
mounted. The males ol many species have grotesquely shaped pro- 
tuberances or horns on the head or thorax, and sometimes on botli. 
These horns, in some spcdcs at least, are used for fighting, in mudi 
the same tvay die stag beetles use their enlarged mandibles. In these 
combats, as among die lucantds, the males butt and ram until one is 
vanquished. In some, the legs are fitted for digging. 

The brightly colored species are usually plant feeders and may 
be found in flowers or browsing on the leaves of their favorite food 
plant. Tficy all have one structural character in common, their la- 
mcliatc, or platclike. antennae. Tlic last three segments of die an- 
tennae arc broadly flattened, but unlike the lucantds and the pas- 
salids, to uhich the scarabs arc dosely related, they are able to fold 
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these segments or plates together into a compact ball. The surface 
of the plates is extremely sensitive and serves the insects as an effec- 
tive sense organ, especially in delecting odors. 

The family reaches its greatest development in the tropics, as is 
true of many insect groups. Here are found the species witJi the mcist 
brilliant colors, tlie most unusual development of horns, and the 
largest beetles known. In fact, these large beetles are probably the 
bulkiest of all insects. 

More than thirty tliousand species from all over tlie svorld are 
known, with t.300 recorded from North America. Every country has 
its share of these interesting beetles. The family is divided into some 
twenty subfamilies, only a few of which we shall have space to dis- 
cuss here. 


THE DUNG BEETLES— USEFUL SCAVENGERS 

These are the dung rollers, those useful scavengers that, in provid- 
ing for their own life and activities, do so much in keeping the world 
clean and sanitary. The famed scarab of the ancient Egyptians, Scar- 
abaetu sneer, belongs in tliis group, whidi is classified as subfamily 
Coprinae. 

Usually, a female dung beetle, but sometimes a male and a feniale» 
working together, will form a ball of dung, and then roll it to a bur- 
row the f^le has excavated near-by. Here it is kneaded, and an egg 
is placed in the center. Other balb and eggs will be added, and then 
the moUicr sometimes remains in the nursery to watch over the 
brood. Sometimes, however, a hungry adult will retire with a ball to 
a safe retreat, to dine at leisure. 


OTHER INTERESTING SCARABS 

Another very interesting group of scarabs is the subfamily Aphodiinae. 
Small, black, brown, or reddish beetles, these insects are seldom over 
half an inch long. They can be seen swarming in numbers over dung. 
On w-arm summer evenings, they take wing in countless numbers in 
search of new pasture, in our woods and fields. 

^Ve find quite a contrast in the habiu of the subfamily Troginae. 
These beetles are scavengers, usually preferring carrion. They are 
roughly sculptured beetles, under three-quarters of an indi in length. 
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decorated with numerous small knobs. Tlieir heads ate turned down- 
ttard and coicrcd with a shtdd. as if they were ashamed of (heir 
scavenging profession. 

Very well known are adult scarabs of the subfamily Mcloloiuhinac. 
You may also have Itcard of ilicse beetles as May Hectics, May Hugs, 
or Rose Beetles. The adults are plant feeders, usually coming out at 
night. They arc hlg-budled, burly beetles, attracted to light. If one 
geu into your house, it buzzes and bumps around the room in an aim- 
less way until caught and evicted. The larvae arc seldom seen be- 
cause most of Uiem spend their lives underground, where they feed on 
il)e roots of grass and shrubs, or on decaying vcgeiaiioii. 

Somewhat similar to tlic Melolonthmae. the Rutelinae are generally 
dressed in bright colors. Metallic greens, blues, and reds, instead of 
the more somber browns, arc mote frequently seen. They arc also 
plant feeders, and include the notorious Japanese beetle. 

The Japanese Beetle, PoltiHia japonica, U an undesirable immigrant 
from Japan which became established in New Jersey a number of 
years ago and is rapidly becoming a major pest, as it continues tr 
spread westward. It is now appearing in many localities throughout 
the Middle West. Were it less abundant and destructive, it would be 
considered an attractive insect. 

The Japanese beetle is. ho»ves-cr. not nearly as beautifully colored as 
some of its relatives, still citizens of eastern Asia, where in its native 
home the Japanese beetle was not a serious pest. Belonging to the 
genus Popillia are some forty oilier species, all found in various local- 
ities in Japan, China, Mongolia. Korea, and other countries of eastern 
Asia and the East Indies. Let's hope tliat if any of these should be- 
come established in the United States Uiey will not be as serious a 
pest as the Japanese beetle. 

The Cetoninae, anoiJjcr group of plant feeders, exceed even die 
Rutelinae in tlie brilliance of tlieir oiloring. Metallic, and sometimes 
iridescent, greens, blues, reds, and yellows are utilized to make one of 
the most beautiful groups of beetles known. Their very large, triangu- 
lar shield piece is a conspicuous group characteristic. Many of the 
males go in for grotesque horns, in addition to tiieir bright colors. 
The genus Goliath belongs in this subfamily. It has some of die larg- 
est species of beetles, certainly the largest to be found in Africa and 
eastern Asia. 
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In many ways quite different from preceding groups is the subfamily 
Dynastinac. This group also contains some gigantic beetles, as well as 
tliose witli curious horns. Some of these protuberances arc so large 
and cumbersome that one wonders how tlic beetles can manage to fly. 



THE OOllATH BtETte OT WEST ArtICA-BICGEST ON THE CONttHENT 

Th* Colivih. lar^ui bMtl« Is Ahtco, U obwl Uur i«cJ>« l»n«( it a vtirtlr e.idirfi !>»•" 
Wirt wtiiia dKorot'rera ga tkg bock. TW gdvH. it U »id, IgrM Ig lil in iSg tep ol a 
lre«, ggtins thg hgorl gi ikg grgwtb bid. gnd ihg, LUjig the Irei. 

The Hercules Beetle, Dynastes hercules, of Central America and 
northern South America and the West Indies, is one such beetle. It 
has a very long thoracic horn, and curving up to meet it from 
head is another horn. The male has an over-all length of four to sis 
inches, a shining black body, and dull-green, or yellowish, ^^dng 
covers. The female is unarmed and dull browi. 

Dynastes tUyus, one of the largest beetles in the southern United 
Sutes, is attractively colored a gteenish-^ray. spotted ^viih brown. It 
measures two to two and a half inches. The horn on the thorax, how- 
cscr. is only half an indi long. 

The giants of the Dy^nastinae are the Elephant Beetles belonging to 
the genus Megasoma. Some of the largest of these are four inches long, 
big. bulky creatures as Urge as a man's fist. Large and heavy as they 
are. they are capable of flying, as are all of these massive, awkward- 
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LONG-HORNED BEETLES 

The beetles of tiiis family (Ceninibyddae) are sveli named, for they 
can at once be recognized by their very long antennae, which always 
reach at least to tltc base of Uie abdomen and often to the tip of the 
body. In a great many species Uie antennae have developed to extreme 
lengths, ranging up to (mo. three, and otxasionally four, or more, 
limes as tong as the insect. .^Vnoiher name ficquently used for these 
insects, especially in England, is Longiconis. 

The tarsi, or feet, appear to have only four joints. Actually, U)cy 
have live. Tlie fourth is so small and so firmly united tvith the fifth. 
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and so hidden between the deep divisions of the third joint, as to be 
scarcely visible. The first three segments are usually densely hairy. 

A WELL-KNOWN FAMILY 

Cerambycid beetles range in size from an eighth of an incli or less 
to giants of five indies or more. Many of them are attractively colored 
and have long been favorites with collectors. Student and professional 
collectors have scoured the remotest regions in search of new speaes. 
As a result, we probably know more about this family than about 
almost any other similar group of beetles. And yet, new spedes arc 
continually being discovered, either from newly collected material or 
from old collections where the specimens have reposed unrecognized 
for many years. 



SOUTH AMERICA'S ELEPHANT BEETLE HAS A “TRUNK" 

Sfooder than 1h« N«r^lej bvt met Wng. fhU hfrovy inwO has o wlngipfs®^ 

eight to Isa Inches end U gvit* ohie te Iff. The horn cidendiftg owl (rain the freot ef <(■• 
heed suggests the trunk of on elephont, ond the side prongs seggsit the tusLv Neerlr 
erery notural history nuseum has speciioeBs of this giant beetle, os well at of the Ksreuiei 
end GolKilh beetles. All three ore ewwbeet ef the great scarab fenny. 

Wc know very feiv complete life histories; but from the few' spea« 
whose life cycles have been studied intensively, we have learned a 
little of the general family biology. The female lays her eggs on the 
bark of the particular host plant or tree tliat her species prefers, or 
inserts them into pockets she has cut with her mandibles. Tlie larsa 
bores in. penetrating deeper and deeper, growing as it feeds. As u 
nears maturity, it works toward the outer part of the bark and 
pupates just under the outer sur&ce. Tlie laival life may last for one 
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year, but in some species it may last for three or four years. After 
emerging from its pupa, tlie adult beetle quickly cuts its way out of 
the bark. 

A FAR SIGHTED PARENT 

Every part of a plant is attacked by tlie various species. The larger 
species attack the trunks or roots of trees, while the smaller ones are 
(isualiy in the branciies or twigs, fn some, tlie parent, after laying her 
egg or eggs, goes just below and circles the branch, removing tlie bark 
to stop the growth, so iliai Uie young larvae will not be endangered by 
the growing and sivelling ivockL 
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In many countries, the larvae of some of ilic ccrambycid beetles are 
eagerly sought (or food. The Australian names and lowland Indians 
of SouUi i^uncrica regard these grubs as a delicacy. The lars-ae arc 
usually toasted until brown and crisp, and are somewhat like certain 
of our well-known commercial cocktail-snack preparations. 

HOW TO FIND THEM 

Adult ccrambycid beetles are found resting on tree trunks or old Ic^; 
fallen timber is an ideal place for them. Smaller spedes may be found 
in flowers, for many of them are fond of nectar and pollen. Beating 
and sweeping the foliage of trees and shrubs will )ield tlie species that 
Use in them. Many species are attracted to light. 

More than twenty-four thousand species ha\e been described, i.too 
of them from North America. It is in ilie rain-forest tropics of the 
East Indies. Africa, and South America that the family reaches its 
greatest abundance, not only in the number of species, but in individ- 
uals. Here, also, the largest and most brilliant species are found. 

The Karlequia Beetle, Aaocinus longimanus, from northern South 
America, is a remarkable long-horn. It is orange, with red and black 
markings on the thorax and wing covers. The body measures two and 
a half to three inches. The antennae are nearly twice the length of the 
body, while the forelegs are very long and slender, at least one and a 
half times the length of the insect, "niose of the male arc somewhat 
longer. 

Other Long-homed Beetles. Tilanus ^ganteus is usually considered 
the largest of the cerambydds. It is a huge, reddish-brown beetle, fi'C 
inches long, one and a half inches broad. It nukes its home in Braid 
and the Gulanas. This large spaies is scarce in collections, although 
the British Museum has three tr3)$ of them. The .American kfuseiun 
of Natural History has only one spedmen. 

Macrodontia cervicomis is another large spedes. Although the au- 
thor has seen individuals in this spedes which measure more than 
Titantis pganteus, the aserage measures slightly less. It is tan or 
light brosvn in color, sriih darker-brown longitudinal lines on the wing 
covers. The mandihlcs are Ion«r and slender, sarying tom three-qu^r* 
ters to one and a half inches long, and armed along the inner edges 
with small teeth, making them quite ferodous looking. These beetles 
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are not as bad as they look, hou'cvcr. Although one could give you a 
bad pinch if you placed your linger in its mandibles, tliey will not 
deliberately attack you. 



ora Ml«n by Indlam, «><4 a>« by wbil* (9«l> le b« xry a lalad. 

Priouus lalicoUis, about one and a half to two inches, is one of the 
largest long-homed beetles in the United States. It looks somewhat like 
a dwarf Tilanus gigatilciu, although it is darker brown, almost black. 
The larvae live for three years in ilic roots of various trees, and even 
such small plants as the blackberry. Tlie male has magnificent anten- 
nae. cadi segment being pectiitate, or toothed, like a comb. 

Orlhosoma brunueum, about one and a half indies long, is a light 
reddish brown and somcwliai shining. The larva, a white grub, is 
sometimes found feeding in oak stumps and logs, and perhaps on 
other dead trees. 

Telraopej lelraophthalniiu is a pretty licctic found on milkweed. It 
IS abour half an inch long, JresseJ in bright-red, with tix black spoLt, 
lliree on eadi wing cover. When the beetle secs you looking at it. it 
quickly folds its legs and slides off tlie smoodi milkweed leaves to the 
ground, playing possum. 
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LE.IF BEETLES 

Look for these beetles on the leaves of plants. Almost every kind of 
plant will have one or more species of leaf beetles feeding on it. 

You will have to look carefully, for many leaf beetles are tjuiie 
small A great many also have the habit of releasing Utcir hold on the 
leaf at the slightest disturbance, folding their legs under them, and 
falling to Uic ground. A number liavc rear legs capable of leaping, and 
use tiiese to propel tltemselves away from danger. 

Others stay where they are when you approach, although they are 
very conspicuous, dressed in reds, yellows, and blues. Pick up one of 
these bright-colored beetles in your Qngers, and a yellow juice, usu- 
ally accompanied by a strong odor, will ooze out of llie leg joints. This 
is believed to be iU-usting to birds. Utcir principal enemy, whidi 
quickly Icam through experience to leave such good-looking morsels 
alone. 

These beetles (family Chrysomelidae) are closely related to the cer* 
ambycid, or long-hom, beetles. Tlicy have the same type of ursi, or 
feet; that is, feet liiat are apparently four-jointed, the iliird joint 
deeply divided, and the first Uiree joinu hairy beneath. They differ in 
never having Uie long antennae whicli arc characteristic of the long- 
horru. In the dirysomelids, die antennae seldom reach the base of the 
thorax. 

Tlicrc is, however, one subfamily, the Donadinae, whose members 
do have moderately long antennae. They also have a long, alendcr 
body, and in many ways resemble a cerambycid. One quickly leams 
to recognize at a glance the respective members of these two families- 

Tbe leaf beetles comprise one of the very large families of beetles, 
with over twenty-five diousand catalogued species in the world, about 
a thousand of these having been found in North America. The spe- 
des fall readily into some twelve or more subfamilies, depending upon 
the personal views of the cataloguers studying the group. In fact, 
many specialists in the study of insects are inclined to break this 
family made up of groups having rather similar cliaracteristics into 
several families based upon the subfamilies and the larval character- 
istics. Perhaps they have some good reason fca- doing this; but in this 
book we shall follow the old method, and list some of the subfatnih^ 
so that the reader may have a better understanding of this attractive 
family. 
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The aduhs ol many species go below the surface of Uie water to lay 
their eggs in the submerged stems of svatcr lilies and iIjc like, for their 
lars’ae live undenvater, feeding sometimes near the roots. This sub- 
family is best represented in the temperate areas. 

Special interest aiudies to the beetles in titc subfamily Sagrinae. 
Some of llte largest of tlic leaf beetles arc in this subfamily. The 
Kangaroo llcetle, Sagria papuane of tlie Melanesian islands, is an inch 
long. Nearly all the members of tlits group lisc in tropical climates. 
Only four species are listed in tlic United States, and they arc all in 
the Southwest. Sagrinae beetles arc bn’gltlly colored; a deep-blue 
shade is one of the most commonly seen. The upper pan of tlieir hind 
legs is long and greatly thickened. Tlic larvae of many species live in 
plant stems, which become greatly swollen around their tenants. 

Farmers have some acquaintance witli Uie subfamily Chrysomelinae. 
Round, strongly hemispherical beetles, these insccu are usually 
brightly colored in contrasting combinations. They delight in sunning 
themselves on the upper surface of a leaf, especially early in the 
morning while the dew is still heavy. Species in tlie temperate climates 
are seldom more than half an inch in length. In the Soutli American 
tropics, some reach a length of one tndi. are nearly as broad, and are 
half an inch high. 

Some of the agricultural pests of the United States belong in this 
group, induding die famous yellow and black Colorado Potato Beetle, 
and die tiny brown and yellow Turnip Beetle, which has migrated to 
die souihem states from Argentina. 

Another very important group of leaf bccUcs are the Galcrucinae. 
This group contairu softer-bodied leaf beetles. They are somewhat 
oval and only sHghdy arched, except in a number diat have an 
abdomen so enlarged that the beetles appear to be resdng on their 
heads. It is in ibis subfamily that many of our serious economic 
pests belong, induding the Elm Leaf Bcede. Most of the species are 
rather dull in color, although a few are metallic yellow, red, or blue. 

Perhaps not quite so improsive is the next subfamily, Halticinae. 
Beedes in this group are generally quite small They are known as 
Flea Beedes because of their great leaping powers. A leap of tv'O 
feet is not at all unusual The uppermost segment of the hind legs is 
gready enlarged and muscular. 

No giants either are the leaf esUers in another group, Hispin^c- 
Members of this subfamily are attractive Hide beedes, seldom over 
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half an inch Jong. They arc caiiJy recognized by the short, stiff anten- 
nae which stick straight out in hnnt. The tips of the antennae are 
usually slightly enlarged. The wing covers of many are broader at the 
end tlian at the base, making the beetle appear wedgc-s!»aped. The 
wing Covers are frequently pitted, with distinct ridges between the 
rows of pits. 

Most of the Hispinae measure less than halt an inch. One genus, 
Alurnus, occurring throughout nojtJiem South America, comprises 
tire largest chrysomelids known. Tlrey range from one to one and a 
half inches. AH are brightly dressed in contrasting colors of red, yel- 
low and blue-black. 


TORTOISE BEETLES 

The beetles in tJiis group (subfamily Cassidinae) are round or oval 
and flattened, rvitb tlie edge of the wing covers and iliorax dilated, or 
expanded. This expanded edge hti rather closely to tire leaf on tvhich 
they Test and usually covers the legs and head of the beetle, in very 
much the same rvay that tire tortoise shell covers the tortoise, hence 
the common name. Most of the casstds are briglrtly colored, and 
many yellow species shine like burnished gold. This iridescence is the 
result of body fluids close to tire surface, which break up the light 
rays. For tliis reason, when the insect dies, the lovely brilliance and 
shine of its coloring disappear. 

WEEVILS-BEETLES WITH SNOUTS 

There are some beetles whose heads arc prolonged into a beak or 
snout The extension may not be distinctly visible; then again it may 
be very pronounced. The beak may be short or long, broad or slender. 
It may curve downward, or stick straight out in front. No matter what 
the shape or size may be, the mouUi pans arc placed on its very end. 

Tills beak takes a definite part in the activities of each of the var- 
ious species, for they use it to make an opening in which to lay their 
eggs. Because of this dislincthc feature, these insecu have been called 
snout beetles. Weevil is a more familiar term, however, altliougli this 
name is frequently applied lo any damage-doing insect. 

So universal is the belief that idl weevils are injurious, that the 
entire group is condemned by mankind. Actu.i}Jy, only a few of the 
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species are injurious; a great many scr\e in the very necessary busi- 
ness of controlling plants and in reducing plant material back into 
soil. All weevils are segetarians. 

There are six generally recognized families, although there has been 
a recent tendency among insect experts to raise some of the lower 
groups to family rank. We can mention only four of the families here. 

PRIMITIVE WEEVILS 

These curiously shaped beetles are called primitive because their activ- 
ities are not quite as highly organized as those of other weevils. -Actu- 
ally, these wee\-ils are fairly specialized, and are well designed for 
their oim particular type of life. 

They are all quite slender. Their antennae are not elbowed, as in 
many weevils, and sometimes are slightly clubbed. The members of a 
species are not at all uniform in size. Some individuals will be only 
half an indt long, tdiile other* may measure over two inches. The 
snout is equally sariable in lengtli. as well as the position of the an- 
tennae on the head. 

How the Male Helps the Female. The sexes differ quite markedly 
in tlie shape of Uie head. In the male, the head is short and thick, and 
has a pair of large jaxvs; in the female, the head is prolonged straight 
out into a slender snout with a pair of small jaws on the tip. 

This beak serves the female well, for, rvith it, she chews out a hole 
in a recently fallen or dying tree. "When ready, she deposits an egg 
in the bottom, safe from hungry enemies and rvith an abundance of 
food available for her hatching offspring. The male seems to enjoy 
watching his mate at stork; at any rale he lurks near-by. If another 
male comes by, he attacks the rival at once, pushing and prodding 
with his head, the rital returning push for push. The vanquished one 
crawls away, leaving the conqueror to stand guard. 

Sometimes, when the boring is deep, the female is unable to extri- 
cate her jaws; tlien the valiant male comes to her rescue. The female 
braces her front legs and stiffens her body. The male presses down on 
her abdomen, literally prying her out of her dilemma, and showing a 
remarkable knowledge of the princaple of leverage. 

Most of the species are sociable, collecting in numbers under loose 
bark. The author has seen a hundred or more in a favorable location 
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o£ this sort. It is here that all sizes and s'artations are to be found. 
Since they are always associated, we know them to be a single species, 
$omeihing it would be hard to believe if only the extreme variants 
from distant places svere known. 
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The family (Brentidae) is a small one, containing only about nine 
liundred species. Most of these make their home in the tropics, only 
about six being found in North /Imcnca. 

Eupsalis minuta is the most interesting species of tliis family that 
we find in tlie United States. It ranges from New England, southern 
Canada, and Nebraska, southxvard to Florida and Texas. The s^ees’ils 
are dark reddish-brown creatures, with long, yellowish spots (some- 
times joined togeilicr) attractively decorating the wing coven. The 
individuals vary in size from a quarter of an inch to three-quarters 
of an inch. The females all look alike, but the males have at least 
three named forms, differing in tlte style and arrangement of beak 
and antennae. 


FUNGUS WEEVILS 

At first glance, you would scarcely suppose many of the species in 
this family (Anthribidae) to be iveevils. For, in most of them, the beak 
is very sliort and broad; the antennae are not elbowed, and, in some 
species, are very long (frequently longer than the insect itself) and 
slender. These are sometimes uken to be long-homed beetles (Cer- 
ambycidae), and have even been confused in large museum collec- 
tions. A simple ttay to distinguish betivcen the ttvo families is by 
counting the segmenu of the beede's leg (tarsus). The tarsi of long- 
horn beetles have fi>e segments that appear to be only four; the fun- 
gus weevils have four segments that appear to be only three. 

You can find some adults about woody fungi, svhere their larvae 
will be feeding. Others will be in smut fungi, tvhile many species bore 
in dead wood on twigs or old fallen uccs. Some also feed upon seeds 
or beans. 

The Coffee Bean ^Vcevil, .<f reocerus fasciculalus, has become quite a 
pest, particularly in coffee beans, and to a lesser extent in cacao, cot- 
ton. senna, and dried fruits. Shippers and shipping agents are con- 
stantly in trouble because of this small brotvn beetle. It has been 
carried by man's commerce from India to the far comers of the world, 
becoming established and breeding cxcrjtvherc. But it cannot continue 
to survive where die \i?inier$ arc rather cold. 

Most of the 2,000 species that compose the Anthribidae family 
live in the tropics. A great many from Queensland. Australia, have 
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been described, and doubtless a great many are still to be discovered 
in New Guinea and elsewhere. We know of eighty-three species living 
in the United States. 


SNOUT BEETLES 

These are the true snout beetles, weevils, or curculios, as they are 
frequently called. It b thought that thU family (CurcuUonidae) is 
tlie largest in number of species of any of the numerous families of 
beetles. Since many beetle families are rich in species, this family 
must go very high to top diem, and it does; more than forty thousand 
snout beetles are known at this time. 

New species are constantly being described, and when more remote 
areas have been dioroughiy explored it » estimated that the number 
may be raised to 70,000 or even 100,000 species. 

^Vllile these Sgures are tremendously impressive, not so svidi many 
of the beeUes themselves. The raajoruy are radier dull in color, 
although some arc real jewels, decorated ivith iridescent colors re- 
flected from die finely ridged scales. 

The snout beetles vary considerably in size, ranging from very mi- 
nute species about the sire of a pinhead to gigantic and startling- 
looking creatures three indies long. The snout b also quite variable, 
but always disdngubhable, and in the nut weevils it is frequently 
longer than the insect itself. One wonders just how Uiey manage this 
snout. You expect them to go stumbling over it at any moment. 

The curculios are plant feeders, attacking chiefly fruits, seeds, and 
nuts; but no pan of any plant is exempt from one or another of their 
many species, bodi larvae and adults, ft is only natural that in Oiis 
great horde of plant-eating insects quite a number sliould prove to 
be serious agricultural pests. Among these may be mentioned tfie Rose 
Snout Beetle, Rhynebites bicolor, which breeds in wild and culti- 
vated roses, throughout a large part of the United States. It b red and 
black and a quarter of an inch long. 

The Cotton Boll IVeevil, Anthonomus grandis, a native American in- 
sect, IS very destructive to cotton in the South. A cfose rehtivc, the 
.^pple Blossom \Veevil, dni/ionomtu pomorum, does much damage 
in ordiards. The Plum Curculio, Conoirachelus netiupbar, feeds on 
apples and dierries, as well as on plums. 
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Stored grain producu come in for their diarc ol uce%il pesu. Tlje 
Granary Weoil, Sitophilus granarius, and Uic Rice Weevil, Stlophi- 
tus oiyza, logeibcr eat or damage annually some forty million dol- 
Ian’ wortl) of food man has prepaml for himself. 

The I’almeito Weeril, /iAjnfAopAorui cruentaiuj, the largest curcU' 
lionid in the United States, is found in the southern states, from 
South Caroliiu to Louisiana. Tliis beautiful insect U usually about one 
and a quarter to one and a half inches long. Wbereser the palmetto 
and date palm grow, these beetles are ratlier common, for the larvae 
bore into the trunks of those that are dead or d)ing. Most of the 
spedmem are black; a few, houeser. are a rich ilude of maroon on 
tlie sides, with black remaining as a centra! thoracic line, and with 
three spots on each wing cover. 

B.\RK BEETLES AND A.MflROSLV BEETLES 

These are very small weesib (family Scoljiidae) that would not be 
mentioned except for the great desmetion they cause, and for 
interesting lives that many of them lead. 

Bark Beetles. The hark beetles are the acaiures that put curious 
designs under the bark of a tree, incidentally loosening the bark and 
killing the tree, or the limbs, for die various species attack different 
pans of the trees from the roots to the twigs. 

The mother beetle bores through the twk. then excavates a tunnel 
parallel with the grain, in the cambium layer, the green, growing part 
just under the bark. .At regular imervals along ihu tunnel, she lays 
her tiny, white eggs, ^^■hcu the eggs hatch, ca^ little grub starts to 
feed, eating out at right angles to the main tunnel, growing fatter, 
and consequently making a larger burrow as it travels. None of these 
burrows ever join, but gradually diverge from one another. 

If many beetles attack the same tree, they very effectively circle 
the trunk or branches in which they have been feeding, (girdling the 
tree) as they go. The author has seen acres of timber killed by these 
tiny beetles in just thU v^'ay. The United States Deparement of -Agri- 
culture estimates that in Efty years the value of the timber destroyed 
by these beetles would be over $1,000.000.000. Because of the rather 
pretty designs these beetles make under the bark, they are 
called “engraver beetles.” 
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Ambrosia Beetles. These are scolytid beetles in which the adults as 
well as the larvae do not coniine their attentions to the bark and 
cambium layer, but penetrate deep into the wood. They usually prefer 
dead or dying trees. It is believed that tlicse beetles, besides eating the 
tvood, feed upon a fungus, yellow In color and known as ambrosia, 
which the beetles grow in the passages they have dug. 

According to some studies made of a few species, the female beetle 
even carries Uie ambrosia spores with her when she flies from the bur- 
rotv where she was bom to start her own nursery burrow. Soon the 
new passages arc lined tvitli tJie fungi, wiiidi looks to U>e unassisted 
eye like a coating of sulfur, but when examined under a lens shows up 
as a mass of short stems, each topped with small round swellings. 
Eggs, larvae, pupae, and adult beetles live in the ambrosia-lined pas- 
sages. Their tunnels spoil the value of the logs. It is not unusual to 
have the beetles continue to live in tlie wood long after the logs have 
been sawed into lumber, and the lumber incorporated into hurriedly 
4nd cheaply constructed houses. 


Moths aud BiitterCiies^ 
Handsomest oC Insects 


Of all the insects, die popular favorite is undoubtedly 
tlie butterfly. Small boys and girls sun their insect collections with 
butterflies, and many adult collectors specialize in these bright and 
exquisite beings. As a result, we liave a wider knowledge of them 
than of any of the other insect groups. 

Concerning moths, which arc botli more diverse in form and more 
numerous in species, we know almost as much; tJiis is also partly 
because of their beauty, but largely because some of them are great 
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pests and have required much patient study by our economic en- 
tomologists. 

The butterflies and the moths form one of tlic largest orders in 
number of species and of individuals, Lepidoptera (meaning “scaly 
tvings"). It has members that live in lands of nearly perpetual cold, 
as well as the steaming tropics. It ss in the tropical regions, however, 
that the greatest number of species Use, and it is here loo that the 
spedes develop the brightest colors and largest sizes w'iihin the order. 

The poetic phrase “clothed in color" is quite literally true for 
moUis and butterflies. IV'hen the adult emerges from its cocoaa or 
chrysalis it tvears a bright, fresh costume in the color pattern of its 
kind. As it grows older and engages in a day-by-day tussle tvith the 
elements, it loses much of its brilliance, partly through fading, it ts 
true, but largely through the dislodging of tlic colored scales that 
co\er its wings and body. Only these tiny dusUike scales are colored. 
Without them the Insect's wings are drab or transparent. It is front 
tliese scales that the order takes iu scientific name. 

To appreciate the beauty of a butterfly’s uing, you hate only to 
study it under a medium-power lens. The scales, each a tiny jetvel 
hung by a slender sulk, lie side by side in evenly arranged rows, an 
upper TOW slightly overlapping the base of Uie row just below, in a 
manner suggestive of the shingles on our roofs. The broad wings are 
strengthened by veins, which radiate more or less from the base to 
the outer margiixs. U is on the arrangcmcni of these veins that a sys- 
tem of classifiaiion has been founded. In other orders of insects, the 
arrangement of veins in il»e wings also is an important characiciistic 
of family demarcation. 

now TO TELL THE MOTHS FROM THE BUTTERFLIES 

Butterflies fly during the daytime, but seldom at night, altliough they 
will flutter off to a nevr location if they are disturbed. Most moths 
fly at night. Hov^crer, all those insects flying in the daytime that 
look like butterflies may not actually be butterflies, for there arc a 
number of day-flj-ing moths. These day-fliers are usually so brighily 
colored that they are easily confused wicii tlie butterflies. Neverthe- 
less, there is one sure way to differentiate between butterflies and 
moths. All butterflies have a knob, or enlargement, at ilie tip of their 
antennae. The moths have either dender, tapering antennae end* 
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ing in a sharp point, or feathery, ur fernlike, antennae. In general, 
moths tend to hat e thicker and heavier bodies. 

There is still another group of day-flying Lepidoptera tJiat might 
be confusing to the casual objcr^cr. These are the Skippers. Tiicy 
have lliick bodies, and tJieir wings are usually brown or dull in color. 
They also have the knobbed antennae: their antennae, however, have 
at ilie end of the knob a tiny, slender hook lliat curves back. This 
group is a connecting link between die butterflies and the moths. 
Entomologists, in general, concede the skippers to be more closely 
allied to the butterflies. 

The Lepidoptera, therefore, fall into two suborders, RJiopalocera, 
from the Greek words rkopaloii, meaning "club,” and keros, mean- 
ing "hom”: and Hetcrocera, from hetero, meaning "otherwise,” and 
keros, meaning "horn." The butterflies and skippers thus belong to 
Rliopalocera, and the moths to Hetcrocera. Well over a hundred 
thousand species of Lepidoptera have been described, widi numerous 
subspecies, variedes and forms. New species are constantly being set 
up by specialists working upon their particular small groups. 

FROM EGG TO CVTERPILLAR 

The butterfly and die moth, like all other insects, surt life as eggs. 
The mother is a very good botanist, (or she lays her eggs on a host 
plant which will properly nourish lier oilspring. The identification 
of the food plant is probably accompUslied dirougli odor association. 
Eadi Lepidoptera species, or related group of species, is usually re- 
stricted in its feeding to one plant species or closely related species. 

The eggs of a few butterflies and moths are roundish and smooth, 
but most of them arc beautifully sculptured with pits or grooves, or 
decorated widi lines or ridges, and even spines. The designs are so 
varied that one could spend an entire lifciime in studying the eggs 
in relation to the species and recording tliem by drawings or photo- 
graphs. The eggs of only a few species have been studied. 

The need for more study also applies to our knowledge of iJic cat- 
erpillars, the term generally used for the larvae (tlie forms which 
axe produced from the eggs) of the butterflies and motlis. Here, we 
find creatures of curious and bizarre sliape, strangely, and sometimes 
gaudily, colored, although most of Uiera are of the greenish tones 
that blend so well with the foliage upon which they feed. Not only 
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do ilie catcrpillan dilTcr according to their species, but also according 
to their age. A caterpillar sheds its sLin several times during its 
growth, and each time die new skin is diitcrenily shaped and colored. 
A iull-groivn caicrpillar may not resemble in the least one that is 
newly hatclicd. 

THE PUPA CO.MES INTO BEING 

Tlie iliird stage in die life of the butterflies and modis u die pupa. 
In color, most of die pupae are reddish or brownish, but many are 
gray in order to blend more neatly with the mosses on the tree trunks 
where they arc usually found. Odiers are green or even bJuish- 
Some pupae hang by the tail. Others sund upright, with die tail 
secured in a little pad of silk, and u-ith a silken strand around the 
waist, very mudi like die life belt of a lineman or a window cleaner. 
A great many of die moth caterpillars burrow' into die ground to 
pupate. Odren content Uiemselves by hiding under loose bark, a aev* 
ice in a tree trunk, a hollow log, or debris on the ground. The pupae 
that excite our curiosity the most when we are cliildren are die 
beautiful cocoons spun by the caterpillars of a few of the members of 
the family Satumlidae. 


MILK^VEED BUTTERFLIES 

Although It is one of die smallest families of butterflies in species, 
the family Danaidae is one of dte most widely distributed, hfembers 
will be found in most of the lands between the Arctic and the Ant- 
arctic. Cold limits their ascent of mountains to not much beyond 
nine thousand feet. Some member of the danaids will be found, 
wherever its caterpillars* food plant, the Asclepias, or milkweed, 
grows, or has traveled. Our common Dattaus plexippus, the Monarch 
Butterfly, is one of the most experienced of travelers, for it has immi- 
grated into many new lands within the last century. It voyages to 
foreign places as a pupa, probably in bales of American hay. 

FASdN.ATlNG HABITS OF THE MONARCH BUTTERFLY 

TTie migrating habits of the monarch butterfly are extremely ^scinac- 
ing. As warm weather develops in Florida and the states along the 
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Gulf of Mexico, dils biuierfty pushes farther nortli, laying its eggs on 
young milkweed plants. The butterflies developing from these eggs 
again push farther north, until, by late June and July, they have 
readied the nozOtem limit of their dispersal, which is soutiicm Can- 
ada. AnoUier brood then develops, reaching tnaturity in August. 



oti mill.w««d [,OY«i. LoUi*. It tran*fotm» lltalf IftW « pupo pr chryutit— now it looki liko 
e boovlilvl jodo ernofflonf docoratod wdb gold. 


With the colder days of September, these butterflies turn ilieir 
wings southivard, and, governed by some instiztet ne can hardly 
guess at, be^n theirlong journey to flic Cu\i. This is not a mass flight 
of the sort exlilbited by migrating birds, but a series of individual ac- 
tions as one by one they fly steadily souflnvard. Tliey differ also from 
tlie migrating birds in that they fly during the warmer hours of the 
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day, instead of at night- ^^Tten nig^t comes, die monarch butterflies 
settle to sleep, sometimes thousands upon thousands colleaing 
on a single small tree or group of trees, mudi to the amazement of 
all their human obsen en. 

This sleeping together is of distinct advantage to llie monarch, for, 
like all of the danatds, it is proiened from butterfly-eating birds by 
its disagreeable-tasting secretions. This characteristic is advertised in 
the da>-iimc by its bright colors, and at night by odor. Numerous in- 
dividuals collected together aixentuate Uiis svaming odor. 

Another odor that is characteristic of these butterflies, but con- 
flned to the males, comes from the scent pouches usually located on 
llic rear svings, dose to one of the scins. Elongated scales on the 
wings scaita the scent in the presence of the females. 

The monarch has had many sdenuiic names bestowed upon it by 
various autbon. Danaus and Anosia are two oE its commoner generic 
ziames. while spedflcally it jppean in books under archippus and 
menippet as well as others. A dosely related spedes known as the 
Queen Butterfly, Dauatis bertnUe, is found in the Gulf sutes and 
southwest into Mexico, each summer spreading only a short distance 
away from this restricted area. 

Each of these spedes has a butterfly species from a different fam* 
ily. a family without disagreeable seaeiions, whidi resembles the 
danaid spedes rather dosely. Tl»e edible butterflies, through dose 
resemblance to bad-tasting species, arc supposed to gain some protec- 
tion. This is called ptoteciise resemblance, or mimicry. 

Many of the Dauaidae have a characieristic color pattern. This is 
a basic color of transparent white, jellow, or reddish, with the seins 
outlined in bbek, and frequently with a black border. Olliers are 
brown, marked with svhite, blue, or violet- 

Since most of the species in this family are lardsb, and ilicir scales 
are firmly attached, they need less are in collecting than is necessary 
for most Lepidoptera. The beginner will find it easier to base good 
specimens in bis collection if he starts witli the milkweed butterflies. 

THE HELICONhVN'S 
Closely related to the danaids, the long, slender-winged heliconians 
decorated with yellow, crimson, or blue luster bands across 
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a black background. This family (Uclsronidac) is confined to the 
tropics of the Western Hemisphere. 

The Zebra Uuttcrily. //ehVonius cAari/OMtus, ventures as far north as 
PlorJda and ilie Culf states. Jt is a deep-black beauty, striped longi- 
tudinally across both wings anti body with leinon-)clIuw bands. Its 
caterpillars, crpially startling, with black spines on their white bodies, 
feed on the leaves of the passtonnower. 'n>e clirysalis makes a creak- 
ing noise if it is disturbed, and male butterflies will hover around the 
chrysalis of a female, wailing for her to emerge. 

Observers say that no bird or animal is willing to eat a hdico- 
tiian, apparently because of the unpleasant odor emanating Irom these 
buttcrilics. Tiicrclore, the butterflies tend to collect in swarms lu ac- 
centuate this odor, hfany of the spcdcs, including the zebras, gather 
in large groups at night to sleep on vines and Spanish moss. The 
place selected takes on tiie proieaing odor, and night after night tJie 
Jiidlvlduals reiuni to Ute same sleeping <]uanen. 

Heliconians love to fly along the trails tlirough tropical forests, 
visiting a jungle flower for a sip of nectar, where a spot of sunlight 
rdiers tinough the dense canopy. On such visits they are easily cap- 
tured, but if llic first sweep of the collector's net fails, they are off. 
seldom permitting a second opportunity for capture. 

AlUiough a nicely mounted collection of heliconians makes a strik- 
ing display, nothing compares with the thrill of seeing them alive in 
their jungle home. 

BRUSH-FOOTED BUTTERFLIES 

The largest family of butterflies. Uie Nymphalidae, comprises about 
five thousand species. You can easily recognize members of this family 
by tiie greatly reduced front legs, a characteristic which makes them 
seem to have only two pairs. For Uiis reason. iJiey are frequently 
called "four-footed buiierflics." The family is so large tliat special 
names, such as frhillarics, angicwings, tortoise shells, peacocks, sov- 
ereigns. emperors, leaf butterflies, and others have been applied to 
groups whidi the names very well describe. 
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THE FRITILLARIES 

Medium-to-large tan or bro\ynUh butterflies \s ith silver spots on the 
underside, the fritiilaiies sport with others among the blossoms in 
sveedy meadows during late summer and early falL 

The Great Spangled Friiillary, Argffinis cybele, and the Aphrodite 
Fritillary. aphrodite, are die most common species. Argynnis cybele 
has a very wide, tan band completely filling the space between the 
two outer rows of silver spots, while aphrodite has a very narrow, pale 
area. Some lepidopterists think that the Neiv IV'orld sparies do not 
belong to the genus Argynnis and have placed them in the genus 
Speyeria. Hoivever, some o£ the friiillaries are so well known under 
the genus Argynnis, appearing as such in nearly every popular book 
that Uiey have been retained as such in this one. 

The Regal Fritillary, Argynnis idalta, is the most beautiful, and 
one o! the largest. It cannot fail to attract your attention as it flashes 
by. The red forewings, bordered with black, and the rear wings, suf- 
fused with black and trailing far behind the forewings, at once iden- 
tify this rather rare buiteifiy. It displa)s a nervous temperament, 
pausing momentarily for a sip of neciar at a pasture Sower, then 
darting oS on flashing wings to other Gelds. Perhaps it is this habit 
of seldom remaining long in one spot that makes it rare in collet* 
dons. Many of the Argy nnis catcrpilfais feed on violets. 

The genus Brenihis has two common species in the eastern United 
States. The Meadow Friiillary, bellona, has no silver spou under- 
neath it, while the Silver-bordered FHini.'.ry, myrina, looking much 
die same as bellona on the upper side, is spotted with silver on the 
underside, particularly on the rear wings. Brenthis has about one-half 
the wing spread of Argynnis, and Phyciodes U even smaller. This 
last-named genus also has two common and widely distributed spe- 
cies, iiyctcis and tharos. Almost any weedy field has dotens of these 
species vbiiing iu flowers. 


THE ANCLEWINCS 

The anglewings look as if Mother Nature had dcxtrously used pink- 
ing shears in cutting out their vrings. Xlie upper side of the wings is 
molded in browns and tans, with traces of reds and yellows thrown 
in to make die coloring more brilliant. The uiidcrside is minutely 
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flecked Avith specks of gray, brosvn. and black, svhile in the middle of 
the rear wing is a small dash of silver. This pattern, together wiilt 
the notched edges of the wings, disguises the butterfly as an old leaf 
or a n)oss<ovcrcd scrap of bark. It is a good example of protective 
coloration, enabling the butterfly to disappear as it alights, snulFing 
out like a candle the brighter colors shown svhile flying. 

All of our angicwings pass the winter in ilie adult suage, hibernat' 
ing in a hollotv log or tree, an old shed, or a deserted cabin. Oc. 
casional warm spells in inidtvintcr may coax them out from (heir 
hiding places for a fciv minutes of flight in the noonday sunshine. 

These butterflies belong to the genus Grapla (Pofygotiia in recent 
lists). Crapla inlerrogationis is the largest. The silver spots on the 
underside of its rear wings are, with a liiUe imagination, a pair of 
Spanish question marks. Grapta comma, somewhat smaller, has a 
comma.Iikc mark, and Grapta progne, an angled mark. 

Tiierc arc ttvo broods of Craptas a year, one rcadiing tlte adult 
stage in the summer, the otlicr in the fall, and the latter, of course, 
is ilie hibernating form. These are known as the summer and winter 
forms. Strange to say. they differ in color, the summer Craptas USU' 
ally being darker. When butterflies differ in this way, tliey are 
called seasonal dimorphic forms. 

THE TORTOISE SHELLS 

Tortoise-shell butterflies have delicately scalloped tvings, splotched 
and dotted svith red, yellow, and orange, in a manner faintly ap- 
propriate to their name. They belong mostly to tlie genus Vanessa 
(recently given as Nymphalis). 

The Mourning Cloak, Vanessa antiopa, is our largest hibernating 
butterfly, and perhaps the most interesting of tlie tortoise-shell group. 
This somberly beautiful creature should be familiar to every wan- 
derer in the out-of-doors, for it is our commonest butterfly in early 
spring. Leaving its winter quarters on the first warm day, it rests 
along a sunny pailuvay, slowly fanning its wings, and absorbing the 
delicious heat. You may also find it on a svillow tree, just before die 
first tender leaves appear, for it & here that you wifi see its bfackish 
egg clusters around the young twigs. Failing to find willows, however, 
the mourning cloak is willing to accept poplars and elms as food for 
its young. 
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It is only m the sunshine that tve can appredate the beautiful 
velvety-bixnvn upper surface of the wings, margined with a yellow 
band. Look carefully, and you will see a row of purplish spots just in- 
side the band. The underside is a finely mottled brojvn and gray, the 
coloring of dead leaves, an arrangement Stfhich completely disguises 
the resting butterfly. Mourning cloaks arc quite confident of their 
invuibility; the author has often slipped up behind a resting mourn- 



BbITEKFlItS THAT MIMIC DEAD lEAVES 
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ing cloak, and taken it in his fingers. Tlicy have another scheme tn 
their bag of tricks, for, when captured in this tvay, they play dead, 
flopping over lifelessly if placed in the palm of your hand. You can 
even poke them around a bit; titey will still remain limp. Just as you 
begin to think tlie butterfly is actually dead, frightened to death, per* 
haps, there is a flash of tvings, and your captive is gone. 

The mourning cloak ranges throughout North America and souiii- 
ward into Guatemala. It also occurs in the north temperate belt of 
the Old M'orld. It is quite common in Europe, but very rare in Eng- 
land, where it is called die Camberwell beauty. English collectors are 
naturally anxious to obtain native specimens, but Uiey laugh at their 
own eagerness and love to tell the following improbable joke. Once 
upon a time, they relate, a collector imported living specimens from 
Europe. Releasing them on his oivn grounds, he recaptured the but- 
terflies, so Uiat he could trudifuUy say he had collected Cambcnvell 
beauties on English soil. 

The American Tortoise Shell, Voneua milberii, is frequently seen in 
wet meadows, for here iu caterpillar can be found feeding on netdes. 
It is dark brown above, with a broad band of orange across each wing, 
and two orange spots near the front margin of the front wings; the 
under surface is a motded slate-gray color. 

The Compton Tortoise Shell, f'anessa j-album, is larger than rnii- 
berti, but not as large as the mourning cloak. It is a light tan above, 
this coloring being broken by three large patches and a dash of white 
on die front margin. The gray-brown under surface with a conspicu- 
ous silver "J" on die rear wings explains its species name. Its cater- 
pillar does not coniine itself to netdes, but feeds also on the false 
netde, hop vines, and elm. Jr is restriacd to nortlicrn North Amer- 
ica. California has a tortoise shell ail its own. and named for it. Tliis 
is Vanessa califomica, at times very abundant throughout western 
Nordi America. Although its caterpillars prefer ceanothus (a prickly 
shrub), they will feed on other plants. 

The Painted Lady, Pyrameit cardui, is perhaps the most ividely dis- 
tributed butterfly of the Nymphalidae. It is almost cosmopolitan, for 
it is found diroughout the habitable world, tvith die exception of 
most of South America. It is also called the thisUe butterfly, because 
it delights in sitting on a thisdc blossom, probing into the depths of 
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ihe flower for nectar with iu long snoutlil^e appendage. Tan and 
orange, dappled w'tth black, it has a row of circled spots on the hind 
wings. This species can be recc^iicd by tlie four distinct, eyclikc 
spots on the underside of the rear wing. 

The painted lady has probably been able to spread to the far cor* 
ners of the earth because it is not at all particular about its food. lu 
caterpillar feeds on a great saricty of plants, including the thistle, 
sunflower, burdock, and hollyhock. It spins a little tent of silk and 
particles of the plant upon which it feeds, later drawing the leaves 
together into a larger canopy. 

The Red Admiral, PyTameis aialanta, b the largest species of thu 
genus. It prefers the temperate weather of the middle Northern Hem- 
isphere, and u quite common there, but it sometimes ventures into 
the hotter areas of the tropical belt by following the mountain ranges 
southward. 

The background color of the red admiral u a rich, purplbh black. 
The front wings are aossed with a band of orange-red, srith white 
spou near the tip. The rear wing b margined with paler orange-red. 
The under surface b a maze of wavy lines, with a number of obscure 
eyespots on the rear wings. U has two broods in a season, passing the 
winter in either the adult or the pupal suge. Hop growers do not 
like thb butterfly, for its caterpillar delights in a diet of bop leaves. 

THE PEACOCK BUTTERFLIES 

These are called peacock butterflies because of the extremely laige 
eyespots on their wings. 

The Buckeye, Junonia coenia, b a common butterfly throughout the 
southern United States. As you travel northward you 6nd it becoming 
rarer and rarer, until along the Canary border and southern New 
England, you scarcely ever sec one. As a boy, the author was quite 
elated when he captured hb fljvi buckeye near hb home in Ohio, the 
“Buckeye Suie." 

The three conspicuous, eyclikc spots on the forew-ing, and the two 
on the rear wing, at once identify ibis preuy butterfly. In addition, 
the forewing b crossed by a pale-white band, and has several smaller 
orange spou, and on the rear wing there b a narrow, but bright- 
orange, b a n d a short distance bom the margin. \Vbcrcver plantain or 
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snapdragons are plenuful you can find ilie buckeye, for its caterpil- 
lars feed upon these plants. TIjc peacock butterfly of Europe is some- 
what similar to our buckeye; but it is usually placed in the genus 
Fanessa. Its specific name is lo. 

BASILARCHU BUTTERFUES 

We now come to a group of butterllies tfiat has long delighted and 
puzzled both tlie student and the collector, because of its many color 
variations and because of its remarkable habits. These butterflies be- 
long to the genus Basilarchia, called Limenids by some authors. 

The Red-spotted Purple, Basilarchia astyanax, is tlie most represent- 
ative of the genus. It ranges throughout the United States as far 
noril; as Canada. The rich ^rk-blue or dark-green, and a black band 
along the margins of the upper wings, quickly identify this beauti- 
ful butterfly. It also likes to show its under surface as it rests on a 
leaf or flower. The underside is brown wiUt a submarginal row of red 
spots. There are two more red spots at the base of the forewings, 
and four at the base of die rear wings. 

The Banded Purple, Basilarchia arthemis, has its principal home 
grounds in nortliem New England and southern Canada, but it often 
ventures southward into New York and Pennsylvania, keeping to the 
upper ridges of the mountains. Its common name refers to die wide 
and conspiaious white band crossing both the forewings and the rear 
wings. Without the band it would be quite similar to the red-spotted 
purple. \Vhere the two species overlap we find a wide variety of in- 
termediate forms. The difference is usually in a reduction of die 
white band, which begins to disappear from the rear svings first. A 
number of these forms have secured specific names. Perhaps it is bet- 
ter to consider them all as hybrids. 

The red-spotted purple and the banded purple and dieir hybrids 
may be considered typical species of the genus. To add to the confu- 
sion, Basilarchia has another species, archippus, which is found in Ute 
United States. Instead of the typical purple shade, this species is a 
bright red. and, although slightly smaller, it is almost the exact du- 
plicate, superficially, of Datiaus plexippia, the monarch biiiierfly. It 
differs in that it has a shorter foreiving, and that die markings on tlie 
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lip are arranged differently. The rear wing iias a narrow, black line 
crossing Uie middle, yet foUoiving the curve of the margin. 

The Viceroy, 5asi/arc/jia archippus, is, therefore, said to mimic the 
monarch for the protection it might gain tlirough its resemblance to a 
protected species. Basilarchia hulsli in the western stales is believed 
to mimic Danaus herenice, tvhich it resembles, for the same reason. 
Strange to say, the range of these last two butterflies almost exactly 
coincides. 


THE DEAD-LEAF BUTTERFLIES 

Before leaving the Nymphalidae, we should look at one other group, 
the dead-leaf butterflies of Asia. They belong to tlic genus Kallima 
and are sold as curiosities of Mature. The upper side is velvery 
brovs’n; the forewIngs show bright-red bands. The rear wings are 
elongated to make a stubby uil. The underside, which is alt you see 
when the butterfly is resting, is maxLed to resemble a dead, brown 
leaf. The central vein of the leaf is represented by a line running 
from the tail, which forms the stem of the leaf, to the apex of the 
wing. Lines angle off from the eentral line to form the branching 
veins of the leal As if to gain additional protection, the butterfly 
frequently, or wherever possible, settles on a twig that actually has 
dead, brown leaves. 


SATYRS AND NYMPHS 

The satyrids are small-io-niedium-sized butterflies, dressed in soft 
browns or grays, resorting only to ringed circles or eyespots for dec- 
orative effect, much as women use buttons on their dresses. Other 
common names for this unobtrusive family (SatyTidae), sudi as gray- 
lings and meadow browns, are more descriptive and more appro- 
priate than the names satyrs and nymphs. In general, they are sveak 
fliers, but excellent dodgers, slippingaway almost without effort into 
tangled bushes or vines, as the experienced butterfly collector can well 
recall. Recent lists have changed man y of ihe names of the satynds, 
but for ease ia comparison the names faypitiar to most of us are be- 
ing reuined here. 

The Liule %Yood Satyr, 2ieonyinpha eurytus, is undoubtedly our most 
common species. It b dark brown above, tan below: the eyespots arc 
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ringed wiih yellow. It love$ the shady forest pathways. You will find 
it Uiere, flying close to the ground or along the forest edges, tvherever 
there is grass to feed its light-green caterpillars. 

The Common 'iVood Nymph, Salyrus dope, is our largest species. 
Tliere are numerous color varieties, but all of them are probably one 
species. Some entomologists, howev'cr, regard them as several distinct 
species. The roost distinctive feature of iJjc controon rvood nyntpli is 
the conspicuous, large, yellow area on its forewings. In this area, are 
tu’o dark eyespots. A larger, paler form lives in the Gulf states. Along 
the Atlantic coast a form called meritimu has an orange, instead of a 
yellow, area; another form, nephele, ranging from tlie northern 
United States up into Canada, lias no yellow area at all. 

The Pearly £)e, Debh portlandia, is a soft tan witii eight black eye- 
spots, tliree on Uic forewing and five on the rear sving. The spots are 
arranged in a row following the curve of the outer edge of Ute wing. 
On the underside, the spots are distinctly eyed. 

The Crass Nymph, Satyrodes conthus, is soft brown. The spou on the 
under surface are larger than those above. It lives in wet meadows or 
grassy swamps. 

The Glass-winged Butterflies, Cilhaerias and HaeUTO, have trans- 
parent svings, to which they owe their common name. They are at 
home in tlie dark rain forest of tropical South America. Flying lazily, 
close to the ground, along a jungle trail, tlicy seem easy to capture. 
But at Uie swing of your net, Uiey are oS into the dense side growtli 
where you can never hope to get them. Their transparent ivings make 
it almost impossible for the eye to follow them. 

Along the Amazon and its upper tributaries, the Indians or natives 
of the region refer to these butterflies as the souls of their departed 
children, and, naturally, do not like to have them taken. While col- 
lecting insects in the interior of Peru, the auUior was able to secure 
a number of species of the genus Haetera. He was always careful, 
however, not to advertise this fact, and also to make certain no Indian 
was present ivhen he did collect one; this was done out of respect for 
cAe Arefings of fAe people among wAont Ae tvar lidng, and ca wAom he 
was a foreigner. 
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BLUES. COPPERS. HAIRSTREAKS 

Fonnm<^ a large family of small butterflies, the members of this 
group (Lycaenidae) Ihe all around the world, deligbung collectors 
a nd confusing the insttt experu of esery country. They near bril- 
liant, metallic blues, greens, coppers, and sartous shades of these col- 
ors. The under surface is usually lighter than the upper side, and is 
decorated t»-ith dots, spots, and lines in patterns which identify the 
spedes. The exact detenninaiion of all the genera and species has 
prosed s^ry diincult. so that scientists are not at all agreed on the 
techmeal names of many of them. 

As in most families of butterflies, there have been many changes 
in the generic and specific names to conform to recent research and 
to the international rules of nomenclaium. Hits leads to considerable 
conftuion of the amateur when consulting both the new and older 
bools on Insects. 

Lycaenid lan-ae difler from those of most butterfly babies: they 
look more like hairy slugs than like ordinary caterpillars. Some are 
predatory creatures, feeding on scale Insects, aphids, and perhaps 
other Most, hot«ever, are segetarians, paiticulaily fond of the 

plant called dod: and members of the pea family. The lanae of many 
spores exude a secretloa sought by the ants. 

The Pygmy, Brephidium exiiis, smallest of the North American ly- 
caenlds, is frequently sold mounted whole in a locket or brooch. Its 
wing expanse is only about fite-eigbths of an inch. Its brotvn wings 
have a white spot at the umer angle of the front pair, and are fringed 
with Afbite. 

The Spring Azure, or Common Blue Butterfly, visits flower after 
flower, in garden and held, all summer long. You are sure to see sev- 
eral on every field trip. As the summer proTresses, or if vou coUot 
osm" a wide area, you will find numerous variations of this pretty 
butterfly. Entomologists have struggled to separate its innumerable 
sexual, seasonal, and elimjMr variations into groups, but with- 

out unanimity as yet. Many authorities tall it Lycaena pieudar^olus, 
but e\en its generic name is quesiioned. 

The rear wings of the spring azure are rounded. If you find a smal t . 
blue butterfly with a tmy, threadlike ran it is probably a close 
relatise. the Eastern Tailed Blue. Lycatna comynt&s. Fvamine its 
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tail closely with a lens, for die little white tip is well worth looking 
at. Unfortunately, many of the specimens you collect will have lost 
their fragile tails. The females of this species are brown. The larvae 
are brownish green and feed on clover and similar legumes, whereas 
the larvae of ilie spring azure are liglit green and feed on tlie flowers 
of many plants. 

The American Copper, Chrysophanus hypophlaeus, is a pretty butter- 
fly, its red forewings spotted with black, and its black rear wings mar- 
gined with red. Although its wing expanse is less than one inch, it 
is fearless and even pugnacious in defending its home tciritory. You 
will see it often during the summer in worn-out fields and meadows. 
Its stubby, bright-green larvae feed on sonel, and retreat under stones 
to pupate. 


S^VALLO^VTAILS 

These are all large, strong-flying butterflies. Many of us are familiar 
willi at least a few of them, for they sweep in to pause a moment at 
our favorite lilac, weigela, or butterfly bush. Only a moment and tlie 
swallowtail is off again, rising superbly to pass over our neighbor's 
house, as if its short sip of nectar had given it a tremendous burst of 
energy. It is impossible to follow the vagaries of its flight. It may be 
gone from our sight forever, or the next moment it may be back at 
tlie same flower for another taste of the delicious bresv. 

Tfie caterpillars are large, fleshy, and smooch. Some of the species 
are decorated with two large, eyelike spots upon the liioradc re- 
gion, giving them an appearance quite ferocious to human eyes, 
and one whidi is believed to frighten their enemies. A more effective 
means for warding off approaching attackers is the Y-shaped, orange- 
colored scent gland (called the osmeterium). which the caterpillar is 
able to push out through a slit in its thorax upon the slightest prov- 
ocation. Not only is the sudden appearanre of this weapon alarm- 
ing; it also shoots out a disagreeable odor. 

Many of the members of this laige family (Papilionidae) have 
tails on their rear wings; at least, there is the place where the tails 
have been, for they are easily broken. Some species have two tails: 
one has three tails; some have no tails. Most of the tailless species 
inhabit the tropics, particularly the East Indies; but there is one, 
Papilio polydamus, found in the Gulf states. 
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The great bird-winged butterflies, the OrnithopteTa of Malaysia, 
belong in this famdy. These are very large butterflies, sometimes 
having a wingspread of ten inches. The forewings are long and slen- 
der, the tip frequently curved back, making them very graceful crea- 
tures. In many species, the males and females are so differently 
colored that it is hard to believe that they can be mates, \yhen the 
first collections of tliese bird-wings were leceivcd in the various mu- 
seums of Europe, about two hundred years ago, thb unusual differ- 
aice caused considerable confusion in the naming of the species. 

Naturally, the large size and remarkable colors of the Ornithoplera 
make them much sought after by collectors. Since the demand is 
heavy and specimens are scarce, dealers ask very high prices for them. 

These butterflies are hard to capture because they fly so high. Some 
professional collectors have built high platforms over jungle trails 
used by die butterflies. From this position, and with long-handled 
nets, they are able to capture a few of those that fly pasL All of this 
family in Nordt America belong to the genus PapUio. 


The Tiger Swallowtail, Papilto glaucm (called by some Papilio tuv 
rius), is one of our most familiar butterflies, not only because it is 
fairly common, but also because of Its conspicuous yellow wings* 
barred svidi several black bands. 

The female tiger swallotvtail has two color forms. One form is 
yellow and black, like the male. In the other, die yellow is replaced 
by sooty-black, with dark-black bands. This variation has caused 
confusion in the sclenttflc naming of the butterfly. It happene 
Uiat the black female form was discovered first and gisen the name 
Papilio glaucus. Later, the typical yellow form ivas described as a 
new species, Papilio turnus. Collectors, rearing the butterflies from 
eggs, soon learned that one batch of eggs could produce both color 
forms. 


The Giant Swallowtail, Papilio cresphonles, is die largest species m 
the United States. It is black, with a yellow bar close to the margin, 
and another yelloiv bar crossing diagonally from the tip of the fore- 
wing to the base of the rear wing. The yellow bars are broken by t e 
black veins, making a bar of spots. This is in contrast with tboas (wi 
which it is frequendy confused), in which the yellow bars are quite 
broad and well defined. Papilio thoas ranges from Florida and Texas 
southward, while cresphonles ranges northward to the Canadian bor- 
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der. It js rare in Uie North, but the author has collected it in the 
sand dunes along Lake Erie, and similar places in the vicinity of the 
Great Lakes. In the Norili, the caterpillar feeds on tlie hop tree and 
prickly ash, while in the extreme South, it feeds on orange leaves, fre- 
quently doing considerable damage. Citnis-fruit growers call the 
caterpillar tlic "orange dog.” 



THE SWAllOWTAIl 1$ HA8D TO CATCH 

SwoIIewtsit butr«rlll«l hsr* ,tr«ng wlagt sftd ton rlu iKaply ilreiglit up In t)i« atr— 
catching them raqulrui mar* than a lilllt ccaft «i)d agUity on Iho csllxlsr't pert. Eiclurud 
U th# llgcr cwollowtalt H hoi PghI yoUow wingi bonduS with blacV. hut tomotlmui th* 
(••nel* li oil black. Tho calorpUlor b lorgo, uitaolh, and gruon, and hai two largu, 
lika ipoii bohind it, haad. It faad, an locb Iroit Irta, a, charryp, plum, and eppla. 

The Papaw STvallowcail, PapUio marcellus, also called the zebra 
swallowtail, ranges tlrroughout the central United States, wherever 
the paparv, food of its caterpillars, grows. It is marked in much the 
same pattern as the yellow tiger swallowtail, except that the yelloiv 
is replaced by an exquisite, translucent white. This butterfly has 
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seasonal variations, and the tails are twice as long in the summer 
form. Many of the older books call the butterSy Papilio ajax. 

The Pipe-vine Swallowtail, Papilio philenor, is a beautiful, dark vel- 
vety-green, with a rosv of white, slightly crescent-shaped spots set in 
from the margin of the rear wing. The female is less brilliant and 
has a row of spots on the forewing as well as on the rear wing. Tlie 
pipe-vine swallowtail is a common buttcrfiy throughout temperate 
Xorth America, wherever the pipe vine is abundant. It also feeds on 
asarum. or wild ginger. 

The Parsnip, or Carrot, Swallovt^tail, Papilio polyxenes, is perhaps 
the most common Papilio in the eastern United States. It is black, 
with a double row of yellow spots, one close to the margin, the other 
set in from the margin. On the rear irings, blue fills much of the 
area between the two rows of yellovv spots. This spedcs is called 
(uterias, and sotnetimes ajax, in various books. Subspedes and varie- 
lies of this beautiful buuerfiy live in some of the islands of the West 
'ndies, as well as in Central America. They are found in northem 
South America, and follow the mountain ranges into Peru, 

A somewhat similar spede, 2£licaon, is found in v^-estem North 
America, and another, bairdi, in the Southwest. 

The caterpillars of all of these spedcs feed upon the various spe- 
dcs of the carrot family. The European Swallounail, Papilio machaon. 
is the corresponding spedcs found in Europe. 

The Spicebusb SwaUowuiil, Papilio troilus, whose catcipiJlais also 
feed upon sassa&as and laurel, is another common Papilio in eastern 
Nonl) .America. It is sometimes called the green-clouded swallowtail, 
because of the greenish color of the upper surface of its rear wings- 
It resembles polyxemj but an be easily distinguished by the lack of 
the inner row of yellow spou on the upper surface of its wings. 

The ^V'estc^l Swallowtail, Papilio daunus, lives in the western moun- 
tains of North America. It is one of our largest butterflies, frequently 
having a wing expanse of over five inches. It has two uils- 'ITjc P^- 
pilio pUumnus of Arizona, a three-tailed species, is quite rare. 

^VlIr^ES AND TTliO^VS 
These arc the familiar, rather snull. white and >cUow butterflies that 
flutter about fields and pastures (rom earl) spring until late fall- 
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They are particularly abundant when the clover is in bloom, and 
gather by ihc hundreds to picnic in its fragrant fields. Oilier names, 
such as sulphurs, orange tips, and brimstones arc given to certain 
groups of them. All these pretty little butterflies belong to tlie family 
Pieridae. 

All of the species have at least two broods, and some even pro- 
duce three generations during the season. None of those living in 
our northern climates pass the winter as adult butterflies, but there 
arc several species, whiclr spend the long cold months as pupae or 
tiny chrysalises, waiting for ilie first warm days of spring before 
making their debut. The succeeding one or two generations then live 
their entire lives in the summer months. 

Tlie Imported Cabbage Butterfly, Pieris rapae, is undoubtedly tlie 
most abundant, and, ilicrefore. the one we most commonly see, 
throughout a large portion of the United States. It is the only pierid 
that damages our aops to any extent. Accidentally introduced into 
Canada from England in iSdo. and into the United States in tSfiS, ft 
spread in a few years from coast to coast, and north to the limits 
of man's cabbage patches; it is now rapidly pushing iu way into Cen- 
tral American countries. It has also immigrated with man into other 
continents. 

The cabbage butterfly is tvhiie, ivith the tips of the forewings 
blackish, one black spot on the wing of Uic male, and two spots on 
the wing of the female. Both sexes have a single black spot near the 
front margin of the rear wing. In Europe, it is frequently called ilie 
turnip butterfly, and the name cabbage butterfly is then applied to 
Pieris brassicae, which is quite similar in appearance. 

The Common AVliite Butterfly. Pieris prolodice, is a native species, 
ranging throughout the southern part of the United States, and very 
seldom seen in the northern states. As iU name indicates, it was once 
quite common, but it is noiv becoming rare, driven out by the com- 
petition with tlie foreigner. It is also known as the southern cabbage 
butterfly and the checkered white. The latter name is very descrip- 
tive, for the ivhite ivings are blotched wiUi black spots, more so in the 
female, ivhere they are frequently connected by black extensions 
from the spots. 

The checkered white does very little damage to tlie cabbage crop, 
for it feeds only on the extreme outer edges of the leaves and does 
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not penetrate into the center of the head as rapae docs. This habit 
accounts for iu rapid reduction in numbers, for the cabbage grower, 
in spraying his cabbages, coven the outer Jeaves with his poison spray, 
hilling o2 the larvae of the comparatively nondestruaive prolodice, 
but is unable to reach the inner leaves, where the real culprit is feed- 
ing. 

Perhaps our native spedcs persists only because individuals still 
feed on the wild species of the plant family to which the cabbage be- 
longs. the tvild cabbage having been iu normal food before the nu- 
merous cultivated members of the cabbage family were introduced 
in the United Sutes. 

The Gray-veined ^S^te, Pieris napi, also has a number of other 
common names, such as mustard white, and old-fashioned cabbage 
butterfly. It was named the cabbage buuerdy by the white settlers 
who first brought the cabbage plant to the New World, and for this 
reason is now sometimes called the old-fashioned cabbage butterfly. 
Believed to have been originally confined to Canada and the ex- 
treme northern United Sutes, it rapidly spread southward, feeding 
on these new-found cabbage planu, until it covered the eniiie coun- 
try. 

Like the checkered white, tbb butterfly feeds only on the outer 
leaves, doing very little damage. The gray-veined white, now greatly 
reduced in numbers, has {iterally retreated to the woods, where it 
exists on wild spedes of Cruciferae. such as mustard and cress. Picris 
napi is also a native of Europe, where it is known as the rape butter- 
fly because there it feeds upon rape, a European herb. 

The gray-veined white has many varieties, depending on season, 
climate, and location. It seems unable to dedde whether it will be 
all vvhitc, or outline its veins with gray; keep the tips and front mar- 
gins of the w-ings blackish; put one black spot on each front and 
hind wing, or a black blotch on each wing. Some of its varied forms 
have received special names. 

The Gulf %Vhite, Picris monuste, is a much larger species occurring 
throughout the Gulf states. The male is white, with a zrarrow brown- 
ish outer margin on the forewing, making a broad margin, and also a 
narrow brown margin on the rear wing. 

The Falcate Orange Tip, Euchloe g^enuiia, is a small butterfly with 
a wing expanse of slightly more than one inch. Only the male has the 
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orange Up; on die under surface, both sexes are greenish, flecked 
widi browTi scales. 

The Common Sulphur, CoHas phitodice, is slightly larger than the 
more plentiful cabbage butterfly, and is easily recognized by its yel- 
low color, margined tvith solid black in the male, broken with lighter 
spots in the female. On the underside, in the center, is a silvery spot. 
Dozens of Uiese butterflies fly over any clover field as you pass. The 
females also lay their eggs here, for the caterpillars feed upon clover. 
More, however, hover or drink at every puddle or wet spot in the 
fesv back-country roadtvays that still exist. 

The Dog-face Sulphur, Meganoitoma caesoma, is larger than the com- 
mon sulphur. It has a much broader black band on the forewings, 
and Uiis baud is deeply indented, to tliat the yellow of the base ex- 
tends into the black in two prolongations, looking, if you stretch your 
imagination, somewhat like die head of a higli-browed poodle. In 
the female, the poodle silhouette is less sharply outlined, 

Some other entomologists have thought the poodle looked more 
like a duck. When you see one of these butterflies, you can decide 
for yourself. It ranges throughout die eastern Iialf of the United 
Slates from soudiem New Jersey and Wisconsin to the Gulf states. 

The Little Sulphur, Terias lisa, is a dainty creature. With an expanse 
of about an indi and a quarter, its bright-yellow wings are broadly 
margined with black. It has three broods a year, and ilie last is be- 
lieved to migrate southward, as die monarch does. No wintering 
stage has been discovered. Furthermore, great flocks liave been re- 
corded in Bermuda as arriving from die norduvest. If they had trav- 
eled from this direction, die nearest land would be the northeastern 
part of die United States, six hundred miles away. Such a flight rep- 
resents a long nonstop journey for these fragile butterflies to make. 

There are a number of other Terias species in the United States 
and along the Gulf, svhich are described and illustrated in books 
devoted to the butterflies of North America. 

Tropical South and Central America have some larger sulphurs 
measuring three incites or more across the wings. These butterflies 
have larger, conspicuous reddish or orange spots on tiieir wings. Most 
of them belong to the genus Callidryas. They are remarkably strong 
fliers. One afternoon, while siuini; on the deck of a ship anchored 
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in die bay oS Puerto Barrios, Guatemala, the author saw a steady 
scream of diese butterflies passing oserfjcad until twilight came, and 
die light failed. Tliey were coming out of the south from unknown 
points, and disappearing toward unknosvn points in die noidt. 

The Brimstone, or Lemon, Bird, Gonepletyx rhamiii, is a very pretty 
European species. It looks somewhat like a small edition of one of 
die Callidryas, widi its pale-yellotv tvings, marked with orange spots, 
h expands to only about one and a quarter indies. 


THE MORPHO 

Butterflies tax a w rater’s stock of superlatives, and tjone more so dian 
the gorgeous .\/orp/i<3 (family Morphoidae). Its great wings, spread- 
ing six or seven inches from tip to tip, and almost as far from dp tf 
uil, are an intensely iridescent blue. Sometimes die blue mass is 
broken widt srtuil opalescent spots, someumes with a margin or patch 
of black or brown- "nic black or brown colors arc pigments imbedded 
in die scales that thatch the wings; but die blue and red result from 
structural pattern. Each small scale Is lined wldi minute ridges 
(called striae), which break up die light rays, refraedng only blue 
and red to die eyes of the beholder. 

Colors so produced can never fade. It is because of dicir enduring 
brilliance that thousands upon thousands of Morpho wings are used 
in making the coundess lockets, plaques, trays, and odicr ornaments 
that we sec oSered for sale. So great has been the demand for these 
butterflies, that most of their nauve countries have tried to prohibit 
dicir coUccdon, fearing that diey will become extinct. 

The Aforpho lives only in the American tropics, ranging from cen- 
tral Mexico to southern BraaiL The greatest concentration of spedes 
is found in die Amazon and Orinoco valleys. 

The MoTpho b delightful to watch. It drifts along a forest path- 
way, its great wings undulating with languid grace. Looking at one 
you feel positive that if you lift your net this butterfly >»iU sail right 
into iu Try your luck at netting one, and experience the surpri^ 
of your life. For, with xhe first tnosezaent of the net, die ^lorpho is 
gone. Gone where you least expect it. The lazy-looking insect has 
doubled back on its track, soared heavenward over die ireeiops. 
ducked under die net or over the net, and is continuing slowly up 
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Uie trail. Only rarely will il leave the path to disappear in llic dense 
side growth. 

Occasionally, the Morfiho takes to our paved roads. Once, while 
riding in a bus near Taniazunchale, Mexico, the auUior saw a small 
flock, of them floatingeflortlessly ahead. They continued in this way for 
several rods, until witii a furious burst of speed the shamed bus was 
able to overtake litem. 


SKIPPERS OR HESPERIDS- 
H.\LF BUTTERFLY HALF MOTH 

Fuzzy, brown fliers dart rapidly back and forth, in and out among llie 
tall grasses in a wet meadow, or along the banks of a locust-lined 
road. These arc (he skippers (family Hesperidae), half butterfly and 
half moth. They have ilie stout bodies and tbe blended shades of 
brown and yellow that we associate with moths. But they fly— and 
rapidly— in the daytime, and their antennae arc dubbed like lliose of 
the butterflies. When you examine the antennae closely, however, you 
will see that at the very dp of the club there is a hooklike projection. 

When at rest, some of the skippers hold iliclr wings vertically; 
others, out flat. Siiil odters hold ilieir wings partiy spread, tvith tiie 
upper wings at a sharper angle to the body than the lower pair, so 
that all four wings are plainly visible. Male skippers carry a little 
pocket of perfume along the outside edge of their forewings. 

Studying all these and other. less obvious, characteristics, ento- 
mologists have placed the skippers as Uie last family of the butterflies, 
coming just before tltc moths. 

About three thousand spedes arc spread all over the world in the 
hot and temperate zones. Almost any locality in the United States 
can offer fifty or more species. 

The female skipper lays dainty, green, dome-shaped eggs on leaves 
of grass or vetch, or locust trees, or other legumes. Within a few days 
Uie caterpillars hatch and start eating. They are queer-looking crea- 
tures, wiUi long, thin, yellow bodies tliat taper in both directions 
from the middle and are fronted by large, dark-brown heads. 

Some skipper caterpillars build themselves little tents of leaves 
fastened witli silk, into which they retreat to rest or to molt. When 
full grown, the caterpillar spins a loosely woven cocoon among dead 
leaves on the ground. One generation of adults emerges in the late 
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summer. Iis oapring Kill spend the trinler as pupae, and emerge 
early in ihc following summer. 

HAAVK .MOTHS OR SPHINX .MOTHS 

Nearly everyone has at some time seen one of these heasy-bodied, 
lon^, upcring.Kinged moUis dashing in circles about a sir«t light, or 
hurlini itself against the screens of our windoKS as it vainly tries to 
reach die light irithin. Or perhaps you may have seen one of the 
day flying (diurnal) species irhen it visited your flotrer bed. Other 
species are crepuscular, flying just at dust. Most of them. hOKCSCT. 
ate active only at night and are seldom seen unless they are attracted 
lo a lighc . j 

These moths are powerful Biers. wiUi their long forcsvmgs ana 
\ery small hind \nngs, driven by powerful muscles enc^d m a 
solid, torpedo-shaped body. The thick, fuzzy abdomen is usu^Jy 
brightly colored in shades of red and yellow; it is sometimes bandw 
in a contrasting shade of the base color, sometimes lined on each 
side with a row of alternating black and white spots. The thorax 
is often decorated with tufts of brightly colored hair. The small rear 
vs-ings are also vividly marked and colored. However, the large fore- 
wings are mottled or screaked in harmonious shades of tan, brown, or 
gray that blend with their surroundings. WTicn the moth rests, thc^ 
forewings fold rooflike over il»c body, effectively disguising 
[rom prying eyes. 

Hawk Moths with Sucking Tubes. The adulu visit afternoon- or 
night-blooming flowers, and a number of species have very long su 
ing tubes, called proboscises, crubiing them to reach the depths o 
flowers with deep corollas, such as the Nicotianas and the trump« 
flowers. One species has a proboscis ten inches long. WTen the 
is not feeding, its proboscis lies under its head, coiled up like a wat 
spring. 

Hathk, or sphinx, moths range in size from a California species. 
EupTosCTpinus phaeton, with a vring expanse of one and a half inches, 
to an Australian species that spreads nearly nine inches. The more 
than nine hundred known species in this family (Sphingidae) are 
widely dutributed throughout the world, from the colder 
the tropics, reaching the greatest number and the largest *'ze m 
latter regions. 
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Tomato Worms. TJic larvae are flesliy« heaty caterpillars, rcadiing 
lengths o£ four and five inches in the larger species. Many of them 
are greenish, frequently decorated with diagonal lines along die 
sides. Others are brownish, and some arc rather brightly colored. The 
familiar tomato tvonn. as well as several others in this family, wears 
a horn on its terminal segment, making it look ([uite savage. The 
horn is quite harmless. Many of die caterpillars, when disturbed. 




hai aolin ill nit, II bvriswt Inis lh« eiMM to clrang* into ■ pupa. II •mnrgtt at a targa 
math (fall) witb a haa>r> bpdy btlghltf aalsraa In ahodaa ai ton, III wingi art eUa 
hay, but mara dallcalalr ealerad. 

rear tiie front half of the body upward, with the head arclied down- 
ward, in wliat is thought to be a spliinxiike attitude. Tickle the next 
tomato worm you find, with a grass stem, and see if you agree. 

When ready to pupate, dte caterpillar burrows six or eight inches 
into die ground, or, in some species, contenu itself widi hiding un- 
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der a pile of debri5- The chiysalU is usuallf a dark reddish-brown, 
and in some cases it has a curved, handle-Uke protuberance, making 
it look like a little brown pitcher. Tlie protuberance encases the 
proboscis. The tomato worm is among the insects making such a 
chr^'salis. 


HUMMINGBIRD MOTHS 

Hemaris thysbe belongs to a group in the Sphingidae family pop- 
ularly called hummingbird moths, (in some books they are placed in 
the genus Haemorrhagia.) They are pretty creatures, their fat bodies 
warmly dressed in green and red fun, their wings scaleless and trans- 
parent in the center, but thickly margined with red. Late in the af- 
ternoon, they start visiting our ^dens, hovering like hummingbirds 
over the blossoms, as they sip the nectar through their uncoiled 
proboscises. 

The Tomato Worm Sphinx, Protoparce quinquemaculala, and the 
Tobacco Worm Moth, Protoperce sexta, are typical examples of this 
famUy. You may hnd them under different names in other books. 
They feed upon a number of plants, including tomatoes, peppers 
potatoes, and tobacco, and are frequently plentiful enougit to do coo* 
slderable danuge. They are largely responsible for pollinszing long 
tubular flowers like the iimson vveed and Nicoiiana, and causing these 
plants to seed. In return, the plants produce lolixge upon which tic 
caterpillars feed. Thete two species range over a large part of North 
and South .Vmerica, and the first lias been able to reach Europe and 
Hawaii, where it is well esublished. 

The Death’s-head Moth, Acherontia alropos, is a European species- 
Iis appearance rras once re^uded as a Nad omen by the superstitious, 
for the brown-and-black pauem on the top of the thorax bears a re- 
markable resemblance to a human skull. In addiuon, by fordng 
the air across an opening in its proboscis, the moth produces a squeak- 
ing noise, supposedly prophesying a death rattle. 

The ^\'hile■^ned Sphinx, Dcilephilo Uneata, is a common moth, 
flying from June until cool weather. It flics not only at night but also 
during Ure day. particularly in duU or cloudy weather. It is widely 
distributed throughout North America and far into Soutli AuicriO- 
It lias also spread to many countries in the Eastern Hemisphere. 
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The veins o{ this moth’s tan forewings are lined with white, and a 
pinkish band extends from the apex to the base. The rear wings are 
dark brown, crossed with a wide, reddish band. The inotli has a 
spread of slightly more than four incites. The larvae feed on many 
kinds of plants, including grape, apple, Virginia creeper, and currant. 

GIANT SILK\\'ORl\I MOTHS 

Forming a large family (Saturniidae) of very broad-winged moths, 
ranging from large to giant in size, the giant silkworm moths include 
some of the largest members of the insect world. Many of them are 
vividly colored in contrasting designs; oiJiers arc clothed in somber 
dark-brown or gray. Many also have a transparent spot or window, 
called a fenestra, near the center of the wings. The mates are tisually 
smaller than the females, and are adorned with great featliery, fern- 
like plumose) antennae. The antennae of the females are less plu- 
mose and sometimes only slightly pectinate (comblike). 

Saiumiid moths usually begin to ily just at dusk, continuing into 
the early part of the night. Unlike most of the moths, these big fel- 
lows neser eat after they get their wings. They are attracted to lights 
and frequently come blundering against our uindow screens. Here, 
you can collect them rather easily, but you will find that your catch 
has beaten oS some of the scales on its beautiful wings. A male will 
fly long distances in search of a female, frequently traveling a number 
of miles, especially up wind, for odor seems to be the guiding beam. 

FEROCIOUS-LOOKING CATERPILLARS 

The caterpillars are large and stout, some of the large species readt- 
ing a len^i of over six inches, and more than an inch in diameter. 
Many of tltem are green, decorated along the sides tviih silver or 
other bright markings. Although each species has its own method, all 
satiimiid caterpillars contrive to look as hideous and ferocious as 
possible, wiili horns and spines and bristles and tlircatening postures. 

When fully grown, the caterpillar spins around itself a large, warm, 
silken cocoon and enters that inactive, TtwgaTtizationai sage in whirit 
the insect is called a pupa or dirysalis. Many of our northern species 
fasten their cocoons to the branches of the trees where they have 
been feeding, and tve see them swinging on the leafless twigs all 
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winter long. There the wings slowly ukc siiape, and the following 
summer, if all goes well, what went into the cocoon as an ugly 
worm will emerge as a beautiful moilt. 

Frequently, howcs'cr, all goes ill for the helpless chrysalis. While 
still in the caterpillar stage, about half of the individuals become the 
repository for eggs deposited by other insccu, cliiefly chalcid and 
ichneumon flies. What emerges from tlie cocoon of a parasitized 
caterpillar will be. not a moth, but a flock of tiny, wasplike flies. 

COLLECTING SILKWORM COCOONS 
Amateur collectors are likely to snatch every cocoon they see, and 
lake it home witli them, hoping to see ilie lot cly moilis emerge. Half 
the lime, it is the parasitic flies dial come out. Frequently, also, many 
of die healthy pupae will emerge as imperfect moths because the 
collector kept diem in a room that was too hot or too dry. The few 
perfect specimens diat emerge are speedily killed and added to col- 
lections. For Uicse reasons, ilie larger modu once so common in the 
United States are now very rare. 

In tropical climates, die pupation period is very much shorter, and 
the danger from parasites Is greater. However, some tropical saiumi* 
ids are cultivated, or at least protected, for their silk. Although 
none oi diese yield a product as fine as that of die true silkivorm, 
uhicli belongs to another moth family, about diiny Asiatic species 
and a few in South zkmcrica arc used in making textiles of various 
grades. 

The Cccropia Moth, Sumia cecropia. For many of die satumiid moths 
die specific name serves also as the popular or English name. This is 
true for the Cccropia, the largest moth in North America north of 
Mexico. It has a stout, futzy. rich-red body, ivith white stripes across 
the abdomen. Its wings are a duller red near the bases, and banded 
along the outer edges in varying shades of white and red- Near the 
center of each is a light, or white, crescent-shaped spot. Individuals 
have been seen with a wing expanse of seven inches. 

The bluuh-green caterpillar, with red knobs on its front segment 
and yellow knobs on its back segments, grows to about four inches. 
It feeds on a variety of plants, but prefers elderberry leaves. Its 
cocoon, frequently three inches long, is securely fastened along 
whole length to a twig or branch. 
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Cecropia ranges over iVorth America cast of the Rocky Mounuins. 
Sarnia gloveri replaces Cccropia througliout (he Rockies, and Sarnia 
euryaJus, along the Pacific coasL 
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The Promelliea iMoth, Calfosamia promethea. Although it has nearly 
four indies of wingspread, the Promethea is one of our smaller sa- 
tuniiid motlis. It is also among die commonest throughout its range, 
svhidi comprises the entire eastern part of North America. Tlie male 
is dark maroon, almost black. It has no windows (fcncsirae) in iu 
wings. The female is a lighi, rcddisli brosrn, and each wing has a 
triangular, or irregularly shaped window. The caterpillar is about 
two and a half indies long, bluish green, svttli four red knobs pro- 
jecting from Uie front segments, six black ones on each of tlie middle 
segments, and a yellow one on tlie eleventh segment, making it a 
creature of iiaziYing appearance, it feeds on a variety of trees and 
shrubs, particularly sasuiras, the tulip tree, the wild cherry, the lilac, 
and tile spicebush. 

When ready to pu}uic. the catcspillar vjiclully fastens a leal to 
the twig by covering twig and leaf stalk with silk. It then wraps the 
leaf around itself, fastening tlie edges together. Within this leaf-tcnt 
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The Ailanihus, or Cynthia Moth. Philosamia cynthia. The pati^t 
artisans of China, Japan, and the East Indies made an excellent silk 
from Uie cocoons of the Cynthia moUt. In die hope of establishing 
a silk, industry in the Occident, commercial interests introduced tlic 
moth into Europe and die United States in the 1860’s. High labor 
costs soon killed this plan. 

Honcser, die beautiful fawn.colored moth, t^hose caterpillar feeds 
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on the iiT){}OT(cd ailantlius tree, has spicad into many pans of tlic 
country, jurticularly around our large industrial cities, uhcrc the 
“tree of heaven/’ the tree that “grous in Brooklyn," Uirivcs so ucll. 
On these ticcs or neighboring trees, you may find the cocoons dan- 
gling from the ovigs in tlie tvintcr time. 

The author mentions neighboring trees, because caterpillars do not 
always spin in the uec on which they iiave been feeding. In fact, 
these large silktvonns, as ueU as other insect larvae, seem to get 
the wanderlust at about the itjne llicy arc ready to pvtpaic, and scat- 
ter in all directions. This may be advantageous to them, for when 
they are widely scattered there is less likelihood that all of llieni will 
be destroyed. Cynthia is rapidly learning to feed uyxiii a number 
of native .American trees, sudi as Hlac, sycainote, linden, and wild 
tlierry. 

The roljjdiemus Moth. Telea A large moOu with a 

wing expanse of about five indies, and not uncommon, the I’oiy- 
pheiniis is eotored a beautiful buff or un. with pinkish shades. Its 
caterpillar feeds on a great many trees. Including bircii and oak. 
Tile catcipillar has the habit, vvhen distuibcd, of rearing up and 
(.licking its jaws. This terrifying attitude is not elleciivc against the 
ichncuinon flies, which make a sneak attack from behind. 

Tlie cocoon is solid, and lu silk can be icadily unreeled, but at 
too great a cost, in this coutitO'- conmienial use. I’nlyphemiis 
almost always secures its cocoon to tlie twig with silk so ilui n will 
not fall to tJic ground in Uie fall vthen the leaves drop. Tlus is a 
good genera! rule of identification to remember in distinguishing 
between the I’ulyplicuius and Luiu cocoons. 

The Luna .'>loih. .IrUoj hmd. With iu soft, green color, its two long, 
slcnilcr tails, and antennae that are like golden ferni. a freshly 
emerged t.iiiu is one oi imr loveliest nvmJiv However, the green 
ipiicUy fades into a dull grar. csjsciially if ex|K>vciI m light, ami tJw 
delicate tails arc soon fravni N'evrtthcleis. the Ltiiu is tiiurh dcsiieti 
by the young amateur cullcxiur, and the author is constantly asked 
the diHicuIl i{ucsiion. Ihiw van *>nc l»e hmnd/ ' 

— WiliJii: to Fist* iiir l4N\ Mum I'eihaps the f>evi suc;ev 
lion is to srarcli for the uirrpiJJjis on liuioty. vsalnut, swm gum, 
victsimmon. and oilier trees, and »<» tear the cairtpdlais f)<« iior 
niislaVe 4 rolyjihcrims taieiptllj* t«*T a lima I”* ihi« are wiitieulur 
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similar in appearance. A Polyphemus caterpillar has seven slanting 
stripes on the sides; a Luna has a yellow band along the side. Tlie 
cocoons almost always fall to the ground. 



The author has been successful in hnding them by scratching about 
among tlie leaves under one of their favorite food trees at the edge 
of tvoods somewhat isolated from other trees. The Luna ranges 
throughout the eastern part of the United States. 

The lo Moth, Auiommj io. As vividly colored and marked as any 
butterfly, the male lo moth has clear, yellow forewings; the female, 
which is larger, has cloudy, lavender forewings. .\ large, bluish spot 
occupies most of the center of the rear w-ing in botli se^es. It ^ 
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among Uie smallest of tlic satuniiids, large individuals spreading only 
dircc indies. 

Tlic lo caterpillar grows to a length of about two inches. One of 
our most attractive caterpillars, it is bright green, with a red-and* 
white band ail along tlie side, and it wears a regular forest of green 
bristles on its back. It is so pretty that it will tempt you to try to 
collect it Hut if )Ou toudt it with your bare band, you will be sorry, 
for the closely packed bristles are poisonous and will leave an irritat* 
ing rash on your skin. The caterpillar feeds on a great number of 
herbaceous plants, especially grasses and coni. 

SOME EXOTIC MEMIJERS OF THE SATUJtNIID FAMILY 

Since the satumiid family is so intriguing and its tropical members 
appear in all museum collections, we will mention a few of Uie more 
exotic species. 

The iitlas .Uotli, Adacus atlas. The female lias a svingspread of ten 
and a half indies. It Is regarded as one of the largest lepidopterous 
insects, especially if die wing area is considered. The huge Atlas 
caterpillars appear to be powdery or dusty, and feed on a great 
number of plants. The Atlas U found in souiliem Asia and the Malay 
regions. Attacus edwardii, from Australia, is about equal in site. 

Tlie Hercules Moth, Coscinoicera hercules, svhidi makes its home in 
Australia and Papua, is believed to hold the record for size. This 
dark and lovely creature measures fourteen Inches from tip to tip 
of the forewings. In addition to having all tins breadth, the male 
Hercules moth sports long tails from its rear wings. 

The Luna Motli, Actios selene, of die Orient, ranges tliroughout 
Japan and China, and down into India and Ceylon. Europe is not 
blessed with many of the large, showy moths. Salurnia pyri, with an 
expanse of about tlirce indies, is the largest in Europe, while the 
Emperor Moth, Salurnia pavonia, with wings about two inches across, 
is tlie only representative in Great Briuiiu 

SOUTH AMERICAN SATURNIIDS 

South America has a great many saiumiids. Rolhschildia aurota is 
the only spedes from which South Americans have attempted to pro- 
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ducc jilL, and tlicn not %er)‘ cxicmivcly. 'Ric genus Uothschildia has 
a number of beautiful species. Its members range from northern 
Souili America into the yiuthern United States. JlolhschiUlia otizaba 
and joriiUa conic nuriiiward into Ariroiu. 

Copiofjleryx iemiTamis, in tJie mountains of South America, from 
Colombia to Bolivia, and the genus ATge$na, in tlie Eastern Hemi- 
sphere, arc remarkable for their exceedingly long tails, ssliich arc a 
little longer Uian the spread of their sviitgs. 

REI*/\T1VES OF THE GIANT SILKWORM .MOTHS 

The members of this family (Ciihcronildac — they liasc no common 
or English name) look scry much like the saturnilds, with which 
they were once classed. Their main difference is that their caterpil- 
lars do not spin cocoons but burrow* into the ground to pupate. 

The Royal Walnut .Moth is the common name of Uic adult Citht’ 
rouia regalis; its caterpillar is die Hickory Horned Dcsil. Vou svill 
agree that it u svcll named when you first meet one. The fully grown 
liumcd desil is an alarming object, fise inches long, greenbh, svith 
strong black-and-svhite spou, and decorated widi six long, red-and- 
black horns tliat cune back. Decorated U die proper word to use 
here, for the horns are harmless. But how die caterpillar loves, when 
disturbed, to display its boms. 

If you are trying to find one of diese horned devils, search not 
only on walnut and hickory trees, as the names suggest, but also on 
butternut, svscet gum, ash, and sumac. Tlie reddish-brown moth has 
a very large, stout body and large wings, with die veins of die fore- 
wings broadly lined with tan. 

The Imperial Moth, Basilona imf/crialis, also, and more approprr- 
atcly, called the yellow emperor, is a beautiful canary-yellow, mot* 
ded with spots and bands of purplish-brovsn. The male shov»s much 
more purple than the female. TTie hairy caterpillars are sometimes 
brovkn and somedmes green, and have four small horns on the thorax- 
They feed on nearly every kind of tree or shrub they can find; ma- 
ple, elm, pine, hemlock, sumac, and cfaokechcrry leaves are equally 
enjoyable to them. 
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THE SYNTOMIDS-OFTEN MISTAKEN FOR >VASPS 

The family Syntomidae, also sometimes called Amatidae, is a small 
one, readiing iu greatest deselopment in Uic hotter countries. A 
few species axtciid northward into ilie eastern United States. The 
syntomids are small, brightly colored, day-flying moths, found around 
field flowers. They are frequently mistaken for wasps or oilier hy- 
menopicrous insects, because tlieir bright colors usually show a great 
deal of contrast, including such combinations as black, red, and yel- 
low. 


TIGER MOTHS AND WOOLLY REARS 

To the layman, the caterpillars of the tiger moth arc perhaps more 
familiar than the adults, for these caterpillars axe the familiar W^oolly 
Bean. In the fall, many of them leave tlieir eating places and start 
out in search of a new home, some looking for a place to hibernate, 
and some for a nice place to spin a rough cocoon. As they spin, the 
hairs on die body are mixed with die silk. 

Tliese creatures arc also called '•hedgehog caierpillars,” for, when 
disuirUed, they curl into a compact mass presenting to the disturber 
an armor of hairs. The adults are quite variable, but they are mostly 
thick bodied and hairy. They arc white, broivn, red, yellow, or com- 
binations of tlicse colors, frequently with black dots or lines added. 
In tliis family (Arctiidae). there are about 2,500 known species. 
Tliey range from the colder regions to the hottest. 

The Salt-marsh Caterpillar, Estigmene acraea, is common throughout 
North America. Its popular name was applied many years ago when 
numbers of iliem were seen in salt marshes. However, they feed on a 
great variety of plants and have become a serious pest on vegetable 
crops. 

Ncverilieless, one is tempted to forgi'C these caterpillars for the 
damage they do, because of the beautiful moths that they are going 
to become. The male is all wliite. The female's rear wings are yel- 
low, spotted with small black dots, and she Jtas a reddish abdomen. 
The Virginia Tiger Moth, Diacrhia vhginka, has wliiie wings, 
flecked with a few faint, black specks, and a yellowisli abdomen. 
Tills moth may be seen resting in your garden, for its caterpillar is 
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the familiar yellow woolly bear that Io\es to feed on many garden 
plants. Diaaisia vulpinaria is die European representative and is 
rather similar in appearance. 

Xbe Isabella Tiger Moth, Isia imbelta, lias all-jellow wings, ilecLed 
with a few tiny, brown spots, and a reddish abdomen. This is the 
woolliest of all woolly bears, the one we see in the fall lmrT)ing 
to cross the road in front of our automobile. 



THE RAMIIINC WOOLIT lEAR GtOWS INTO AN EXQUISITE TIGEI MOTH 
Hffiv yov ever trl«d bcor os o lorsatfs# of tS* wloter', weotbe/^ If I* 

coior*a bosa orosfld tUt cotorpmoi^s ■idjts tt brood, a is sopposod M be o 
tbo Ofistor oSI oef be cold. A oleog mf potb io the foB taay >be« yeo ooeC] 

*>>b vide bond*— bvt a vo& Ar oezl do/ oloog osethe/ polb o aa# ovc 
•boo 7«o srooOy bear* seoly wM ovro« bosdil Tbe vooSy bear speeds tW violef 
leores ood debrii. le ibe sprlog 9 spies o toceoe froa obkb B wiD fergt 0 o 
Cnie e«on3e.GsIered osolb. 

This woolly bear is hurraing, not to beat the car (ihousands of 
these creatures, incidentally, are tilled every fall on our highways), 
hut to find a snug place in which to curl up and pass ific wintef- 1-^ 


I'Hlh 
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everything has gone well with it» it comes fortli on sunny days, eats a 
little more of its favorite food, plantain, and finally spins its cocoon 
under a loose stone, a log, or bark. 

As almost everyone knows, llie woolly bear is black at both ends 
and reddish brown in the middle. Some yean this bright center will 
be unusually broad, and then we can remember a bit of old weather 
lore: tliat die more hroivn on the ts-oolly bear, the milder «ve can ex- 
pect the sv'inter to be. Any resemblance betiveen this insect and future 
temperatures is purely coinddentai. 

The Fall ^Vebworm, Hyphantita cunea, is a grayish-white moth, 
flecked ivith brown spots. Tltese spots may be plentiful or almost lack- 
ing. The caterpillars are equally variable, and live in a colony-nest 
of loosely spun silk entirely covering the brandies of a tree. It is 
often confused with die Spring Webivorm, Malacosoma amertcana. 

FORESTER MOTHS 

This family (Agaristidae) is mentioned here only because of one 
important species, the Eight-spotted Forester. Alypia octomacxilata. 
OtIicT AlyptAs are also called foresters and occupy other regions, 
but the eight-spot occurs in tlie northeastern United States. It is a 
small, velvety-black moth, one and a half inches in wingspread, witli 
eight yellow and ivhiie spots, two to each sving, the largest at die base 
of the rear wings. We see Uiem near grapevines because the cater- 
pillars feed on these and on the Virginia creeper and are frequently 
very destructive. 


NOCTUIDS, OR O^VLET MOTHS- 
THEIR EYES HAVE AN ORANGE GLOW 

The name nociuid comes from the Latin svord noelua, meaning 
"night otvl,” and a more appropriate name for these moilis could 
hardly have been found. Tliey fly at night, and their eyes shine with 
a beautiful orange glow stitnuJaied by any reflected light. They are 
largefy pliototropic (meaning that, like ceruin plants, they turn 
toward light) and you can usually find tltcm around lights. 
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^VHEN AND HOW TO COLLECT THEM 

Anoilicr and more exciting xvay of collecting iliem is by "sugaring.” 
A mixture of brown sugar or molasses, uitli enough vvatcr to male 
a thick syrup, added to a little stale beer or rum, to soothe the insects 
that gather for the feast, is spread with a large brush on tree trunks 
or fence posts at dusk. The trees selected should be along a conseni- 
cm, open pathway or trail, or margin of snoods, rather than in the 
deep forest, although a fesv trees in thick woods may be tried experi- 
mentally. A lone tree in a field often attracts many moths. A cir- 
cuitous trail of half a mile or a mile makes a fine route. 

Warm, muggy summer or fall nights usually >ic!d best results. 
.jVfter dark with Qashlight and net. suit your rounds. Approach each 
bait tree quietly ssith flash unlit. Hold the net under the spot baited, 
and then tuni on Uie ilashlight. Jf conditions are right. >nu tnay be 
amaied at the things gathered for the banqucL Tliere wdll be moths, 
mostly noctulds, beetles, grasshoppers, crickets, millepedes and centi* 
pedes, and ants. If ants collect, the)* tend to drive away other crea- 
tures with Uieir scurrying around and will even attack them. 

The reaction of the insects to tlie light is also interesting. At )'Our 
first approach, on the Bash of the light some will drop, perhaps into 
the net as Intended. Odiers may fly upward. If you are quick enough 
you may catch some of these on Uie wing. Others will sit calmly, al- 
lowing you to place a widemouihcd killing jar over them. Hold it 
tliere a moment until the insect flutters back into the jar. At first 
you will aiiempi to secure evciyihing in sight; bur after a few experi- 
ences your eye will quickly selea what is rare from among the 
throng. At any rate, the auUior hopes you will have many enjoyable 
evenings, as he has had, taking them. 

The Noctuidae family b one of the largesL More than twenty 
thousand species have been described, at least 2.500 of them living 
in North America. They are largely small moths with wingspreads 
of two inches or under, mottled brown or gray in color. However, a 
few are brightly colored, and some reach a considerable site. 

FACTS ABOUT NOCTUID CATERPILLARS 

The caterpillars are sometimes called Army Worms and Cutworms. 
Many of diem do considerable damage, and gardeners "cuss all 
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caterpillars for tin's reason. You may be assured, however, that not all 
noctuid caterpillars are injurious; in fact, many are quite beneficial 
because they control vegetation that might become too possessive of 
the ground. 


HOW TO DESTROY THEM 

Ctutvorms may be destroyed by placing a poison bran mixture in 
various spots in the garden in the spring before plants are set out or 
seed is sown. The mixture is prepared by mixing one part, by weight, 
of Paris green, to twenty-five pans of bran and sulficient molasses 
thinned with water to make a thick mash. Chickens, as well as dogs, 
cals, and oilier pets, like this poisonous mixture, so precautions 
should be taken to prevent Uiem from getting at it. You can do this 
by placing the mash under heavy, or weighted, boxes or pails that 
cannot be overturned. A few handfuls of mash should take care of 
the aveiage garden. 

In this book, we have space to mention only a few of the noctuids. 
If you wish to study Uie family more Intensively, there arc many 
specialized reports and papers on the group. If you should become 
deeply interested in the noctuids. you could spend a lifetime studying 
the North American species alone, without ever attempting to be- 
come acquainted with the exotic ones about which Utile is known. 

TUSSOCK MOTHS 

Tlie Liparidae, also called Lymanuiidac, is a small family, but im- 
portant and well known for its dcsiructhe species. The moths are 
small and not particularly outstanding in appearance. The cater- 
pillars frequently occur in such numbers as to completely strip the 
leaves from the trees where they cluster. 

The AVhitc-markcd Tussock Modi. Hemerocampa leucosiigma, is 
perhaps the best known of this family, for it is widespread over the 
entire eastern part of North America. In the ^V’est. it is replaced 
iff eiie C.t/efantia species, velusta. It is tfte caicrpiihr, from uhich 
die moth gets its name, with uliich ino« people are familiar, and a 
most exquisite cicaturc it is. with iu four white tussocks of hairs, its 
red head, and pencils of long, black hair standing erect, two from 
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ihe iJiorax. and one on Uic last segment, not to mention the yellow 
and black stripes on die body. 

When grown, it spins a rough cocoon of silk interlaced with the 
hairs from its body, placing it usually in a crcsicc on the trunk of a 
tree, or in any other sheltered place. Under the eaves, or the edges 
of the clapbo^ds, of a house is a fasorite spot. Sometimes four or 
hse cocoons are massed together. 

It is estimated dial only ten per cent of the caterpillars live to 
reach maturity. In addiuon to the predatory birds diat destroy count- 
less numbers, die caterpillars arc beset by parasites. Over twenty 
hymcnopietous and dipterous parasites on these caterpillars have 
been discovered, these parasites being attacked by hvperparasiics, 
and these in turn by parasites. Tliis pageant of animal existence ts 
one of the most interesting cases of Insect parasitism. 

Very few people are familiar with the mature male moth, for it ts 
a small, drab insect. The female is wingless, a fat little ash-gray 
creature vsho cravsls out of her cocoon house and sits on the doorstep 
avs-aiting her lover. She then deposiu her four hundred, or more, eggs 
on the top of the cocoon, coven them with a frothy secretion, which 
hardens into a v»-ateiproof coveting, and dies. There may be as many 
as three generations a year. The winter Is passed in the egg stage. 

The Gypsy Moth, Porlhelna dupar, was introduced into the United 
States in i^3 by an amateur entomologist experimentiiig with some 
material he had obtained from Europe. It was to prove a very costly 
and disastrous experiment. 

Some of the moths escaped from captivity, and in no time a colony 
was established in Itfassachusetts. Rapidly spreading, the gypsy moth 
had caused immense destruction before control measures were started. 
These controls have been successful in conhnin? it to the New Eng- 
land states, but there i* no telling when it may accidentally become 
established in another area. If it is discovered in a new area, this 
fact should be iamiediately reported to the insect authorities. 

The moths appear in July but may be seen for several months. 
The male is brown, with a wingspread of less than two inches. The 
female is larger and whitish. It seldom flies, a fact which has been an 
important factor in preventing the spread of the insect. 

The eggs are laid in masses lan^ng in number from several hun- 
dred to nearly a thousand. The thj,, £5 coscred with scales from 
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the body of tlic adult and appears as a rounded, nhitish object. You 
can find the egg masses usually on the undenide of foliage, tree 
limbs, and stones, as well as on wagons and cars, and wherever the 
female can crawl after emerging from its pupa. The caterpillars feed 
at night and congregate during the day in masses on the limbs of trees 
or other protected spots. They are knorvn to feed on over five hundred 
species of plants, including the cone-bearing trees. 

The Brown-tail Moth, Euprociis chrysorrhoea, is also an emigrant 
from Europe. How it arrived in America no one knows, but it is now 
firmly established from Connecticut and Rhode Island northward to 
Nova Scotia. 

The female brown-tail flics readily, and new colonics may easily 
become established from a wind-blown insect- Fortunately, Uie pre- 
vailing winds are from the west so that drifting insects would be 
blown out to sea rather than inland. The moths are whitish and can 
be distinguished by the brown hairs on the end of the abdomen. 
These are less conspicuous in the male. These moths appear in July 
and are attracted to lighu more frequently than the gypsy moth. 

The egg mass, usually on the undenide of a leaf, is covered with 
the brotvn scales from the moth's abdomen. Hatdnng in a couple 
of weeks, the tiny caterpillars live in a colony on the tender terminal 
foliage, which they cover wiili a webbing of silk. It is in this same 
nest that the half-grown caterpillars pass the %vinter. In the spring, 
they resume their feeding, pupating in late spring. 

The larvae are covered wiili brownish hairs, with a row of white 
tufts along eadi side. The hain, particularly the brown ones, are 
barbed and poisonous. One need not come into direct contact witli 
the insects to be attacked by them, for the hairs axe carried by the 
wind, causing intense irriution to tlie skin, where they lodge. Some 
individuals are more allergic than others to these hairs. 

TENT C/VTERPILLARS 

A medium-large family (Lasiocanipidae) found throughout the 
world, the tent caterpiflars are poorly represented in iVortA America 
by a few small spedes. What the family lacks in spedes it makes up 
in numbers. Some of the most destructive species are found in Amcr- 




Asia, -\frica, and South America hate some larger moths o£ this 
family. A fetv of the tropical species are taluable for the silk they 
produce, for the family is closely related to tlie true silLnonns. 
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'The Tent Caterpillar, Malacasoma americana, 15 familiar to every* 
one in die East, because of its destructive larvae and the unsightly 
nests they spin in our trees, usually in tlie fork of a tree. 

To the caterpillars, the nesr is a wonderful structure. They sally 
out from it at night to feed, reluming to the nest during the day 
or stormy weather for proteaion. 

Each caterpillar, as it travels along a branch, spins a thread of silk; 
others follow, until trails of silk radiate from the nest to die feeding 
stations. Tliese trails then provide convenient return routes. 

When full grown, die caterpillar gets the wanderlust and, either 
crawling or dropping to the ground, starts hunting a place in which 
to pupate. When it has found a suitable crevice or protected spot, it 
builds a paper*like white cocoon and fastens it in a mesh of scat- 
tered threads. 

The small, inconspicuous brown moths emerge in July* They can 
be recognized by die two line, white lines which cross the front 
wings. They soon lay their eggs in masses wliich completely encircle 
a slender twig on one of dieir favorite food trees. They are partial 
to apple, pear, and wild cherry. 

The Forest Tent Caterpillar, Malacosoma disstria, is sociable, but 
constructs no compact nest like dial of die americana. It feeds on a 
variety of leaf-shedding forest trees and ranges over a large part of 
North America. The Great Basin Tent Caterpillar. fragiUs, replaces 
die eastern species in the West. The Lackey Moth, nuestrium, is die 
European tent caterpillar and is also very dcstmciive. 

The SyTian Silkworm, PachyjHua olus, was a valuable silk-producing 
insect. The silk was used by the Greeks and Romans long before the 
introduction, about a.d. 550, of the Chinese silkworm. Its silk, which 
is a beautiful white, competed with that produced by Chinese silk- 
worms until the late iSoo's. Borocera madagascariemis, known as die 
Bibindandy, produces a beautiful silk. As its scientific name indicates, 
it is a native of Madagascar. 

SILKAVORMS-SPINNERS OF THE ORIENT 

Less than a hundred species make up the silkworm family (noinb}C- 
idac), and they are all confined to castcru Asia. 
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The Chinese SilkHorm, Bombyx mori, is the outstanding example in 
this group. It has so long been associated siritli man Uiat it is almost 
domesticated and probably a>uld not live by itself outdoors. Indi- 
viduals have been liberated in what were tliought to be favorable 
areas, but always failed to survive. Tlirough tlie ages, many sill-- 
worm races have been developed to fit certain requirements, such as 
climate, productiveness, and tlie quality of tlie sillt. 

The adults are creamy white, heav7 abdomcned, and have a wing 
expanse of less than two inches. They never fly. About three hundred 
eggs are laid in a scattered space around the female. Commercial 
growers feed the larvae on mulberry leaves spread out in a thin layer 
on trays which slide into supporting frames. The larvae do not roam 
but feed contentedly on the leaves. A new supply of leaves is pro- 
vided each day. In addition to Uic white and black mulberry nor- 
mally used, they will also feed on osage orange and lettuce. In some 
cases, there may be as many as sue broods a year. 

The larvae feed for about forty- 6 ve days and spin their cocoons, 
from which the adults emerge in about two weeks. The cocoons to 
be used for commercial purposes are soaked in hot water, a procedure 
which kills the pupa but allows the silk to be unwound and reeled 
with ease. 

GEOMETERS, OR MEASURING WORMS 
A very large family (Geometridae) of smallish (though sometimes 
large in the tropia). more or less fragile moths, the geometers are 
usually seen resting on tree trunks or fences with their wings spread 
out flat. They depend upon the maze of zigzig lines or other baffling 
designs on their wings to prevent detection. 

The caterpillars have no legs in the middle of the body, as do most 
other larvae. They therefore travel in a series of loops, by stretch- 
ing out and taking firm hold with the three pairs of true legs on the 
thorax. The body is then looped, with the rear end brought for- 
ward to take hold with its tvvo pairs of legs. It is this looping of the 
caterpillars that has given them such names as measuring worms. 
inch n'on22j, spanivorms, spannen, and /oopers. The scieaciSc aamc 
means ' earth measurers," and it fits them well, for they seem to be 
forever on the move. As die old saying informs us, no summer picnic 
Is complete without a few measuring worms taking your measurement 
for a new suit of clothes. 
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AUhough the family is very large (a tliousand species have been 
described in Nortli America alone), the coloring of many is so 
similar, that we will consider only two of the more common species. 

The Fall Cankerwomi, Ahophila pomelaria, is a conspicuous moth 
in wooded areas in the falb not through its beauty but because of 
the numbers lliat flutter abouL The male is small and tan, with 
darker lines and markings. The female is a stay-at-home and a drab 
little creature. She is wingless, and for her view of the world she 
is content to crawl slowly along a tree trunk. 

This little lady makes up for her lack of beauty by the batch of 
exquisite eggs she lays in November. The late Dr. Frank E. Lutz, 
the well-known entomologist, likened Uie appearance of the individ- 
ual egg to a tiny “gray flower pot having a gray cover decorated with 
a dark central spot and a dark ring near the edge." The batch of eggs 
is placed carefully in close, regular rows and must be studied wiili 
the aid of a lens. 

in the spring, from each of these “flower pots" instead of a lovely 
flower, a voracious caterpillar pushes up the lid and crawls out to 
spend tlie spring feasting on tlie leaves of a great number of trees. 

When the hoi days of July come, the caterpillar drops to the 
ground on a silken tiiread and burroivs into tlie cool soil, spins a 
rough cocoon, pupates, and does not emerge until late fall. A few do 
not emerge until spring, when they may be seen flying witli tlie 
Spring Cankerworms, to the confusion of the amateur collector. 

Tlie Spring Cankenrarm Moth, Palcacrita vernata, is a small, pale- 
tan modi that flies in the early spring, shortly after the snow is oil 
tlie ground. As in the case of the fall cankerworm, the female is wing- 
less. In most localities, the spring cankerworm is much more com- 
mon. Its caterpillar is responsible for great damage, for it strips the 
leaves from many trees. It was largely because of this spcdcs, to- 
gether with some other geometrid larvae, that the English spamw 
was introduced into tlie United Suics. to feed upon the insea. The 
American caterpillars did not appeal to the birds, whidi turned out 
to be destructive in other ways themselves. 

BACWOllMS-MOTHS WITH UNUSUAL ILUHTS 
Tliis family (Psychidae) of medium-sized moths is interesting, not so 
mudi for color or shape, as for its unusual habits. As soon as its cater- 
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pillars arc liatclicd, they proceed to build about ihcmsches little 
homes of silk, into which arc woven bits of twigs, leaves, bark, or 
other debris. From this habit come their common names, bagnorms, 
bag moths, case moths, and basketwornu. Each species makes its 
characteristic type of ease. In most species, the ease of Uie female 
moth differs from that of tlie male moth. 

The females, as far as is known, are svingless, and spend their en- 
tire lises in the eases they started for themselves as very young cat- 
erpillars. The males have daik bodies, and for a short time after 
emerging from their pupae, they have dark wings. Their wing scales, 
however, are so loosely attaclied tliat they are soon lost, leaving the 
moth with transparent wings. It is in this condition that you usually 
see them. 

The species are not numerous in the temperate region. Tropical 
and subtropical countries have several hundred, some of which con- 
stnict bags several inches in length. Australians complain about bag- 
worms eacli witli a case as large as an ordinary cigar hanging side by 
side on trees from v^hich Utey have eaten the leaves. 

The Common Bagworm of eastern North America is not nearly as 
long as its technical name, Thyridopteryx ephemeraelormis. The 
adult male has long, feailicry,' antennae; a black, slender, tapering 
body; and smoky, transparent wings that were dull black when it 
first emerged. The adult female has no wings, no legs, no eyes, no 
antennae. She is just a soft, yellowish-white, maggot-like creature. 
She deposits her numerous while eggs in the case where she lives, 
and then dies, her body plugging the case up against intruders. 

The caterpillars do not hatch out until the following spring- Then 
they weave their little cases and fasten them to the twigs of almost 
any kind of tree or shrub, although they prefer evergreens. Their 
bags on be seen everywrhere and at any time, hanging even on the 
trees along our city streets and on other isolated trees and shrubs. 
^Vhere there are enough of them they can strip the leaves from a 
tree, but this does not happen often. 

SLUG CATERPILLARS-SOME HAVE DANGEROUS SPINE^ 

Its curious sluglike caterpillars are the most remarkable thing about 
the family Ltmacodidae. TVith ptacticaily no feet, they slide around 
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on the surface of ihe leaf. Beware of them I'f they belong to a spe- 
cies with spines, for tiie spines arc easily broken off and can become 
imbedded in your flesh, causing extreme irritation. The aiiihor is 
inclined to believe they are not poisonous, ahhongh many books 
claim they are. 

People vary widely in their reactions to the spines. Not only is the 
caterpillar to be avoided, but the titin cocoon it spins has the spines 
interwoven in the silk, making it a dangerous object to handle care- 
lessly. Fortunately, not many of tlie species arc so armed. The family 
has had a number of scientific names, including Codilidiidac, £u- 
deidae, anti Heterogenci'dae. 
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The Saddleback Modi, Sibtne stimulca, i$ a common species in the 
eastern United States, and its caterpillar is one greatly to be feared. 
Don't, however, let this prevent you from finding one of these crea- 
tures to look at from a safe distance. About one inch long, it is green, 
with cadi end brown, and with a brown saddle mark in the center 
of its back. Pointing outward from each end are two prominent. 
spine<overed, fleshy protuberances. Along each side are a number of 
tufts of yellow spines which can sting you far worse than nettles. 

Every summer, some of these attractive caterpillars arc brought or 
sent into the author's ofHce. carefully housed in an old pickle bottle. 
The universal question is, “\VIiat can it be? I've never seen anything 
like iL" 

This caterpillar feeds on a variety of vegetation. Look for it this 
summer on cherry, apple, or pear uce, or on com. When full grown, 
die caterpillar wanders some distance, seeking a place to spin its 
cocoon. 'The author knows of one case where a saddleback caterpillar 
wandered into a bureau drawer, and deciding die soft underclothing 
was a good place to pupate, carefully spun its cocoon. Not notidng 
the cocoon, the owmer of the apartment, a woman, donned the gar- 
ment from die drawer and soon suffered a severe case of skin ini' 
tation which hospiuliied her for some time. The adult moth is small 
and of a rich brown color. 

The Green Slug Moth, Euclea chloris, is a pretty little moth, with its 
brown forewings crossed by a broad, green band. The caterpillar 
is equally attractive, for it is red, with four black lines on the back, 
and the spines axe yellowish. 

CLEAR^VINGED MOTHS-THEY LOOK LIKE BEES OR FLIES 

Small, but very attractive, these moths (family Aegeriidae) resemble 
bees, wasps, or flies. Their slender wings are very often transparent, 
the legs and abdomen brighdy scaled in red, yelloiv, blue, or black- 
The moths fly in the daytime, with a rapid circling flight, and as 
they come near, you instinctively duck, so well do diey remind you 
of angry wasps. This is another case of the protective mimicry de- 
scribed earlier. 

The caterpiUais, so far as is known, are borers in plants. Some spC" 
cies prefer the succulent tissues of herbaceous plants; others attack 
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the harder wood of trees and shrubs. Tlieir boring habit makes tiiis a 
family of great economic importance, for many of the species attack 
plants in which man is interested. 

The Squash-vine Borer, Melittia satyrinifoTmis, is one of our most 
beautiful pests. \Vith its metallic-green forewings, and transparent 
rear wings, its red abdomen and red legs fringed svith black, this 
striking moth may be seen hovering around almost any member of 
the melon family. It seems to prefer squash and pumpkins. The red 
eggs are placed singly near the roou of the plants. When hatched, 
the little grub bores into the center of the vine stem, then follows 
along tlie stem, feeding on die tender inside tissue. The plant begins 
to show the effects of this disturbance by a willing of the leaves. 
^Vhen fully fed, and about an inch long, tlie caterpillar leaves the 
plant and burroivs into the ground, spinning a rough cocoon to which 
particles of earth adhere. The moths emerge the next summer, in 
late June or early Juiy. In the North, this moth produces a single 
brood; in the South it is double brooded. 

The Peadi-tree Borer Moth. Conojtia exUiosa, is another member of 
tiiis family that is mudi too fond of the plants cultivated by roan 
for his own use. The most conservative estimate of damage caused by 
the peach-tree borer is set at die unbelievable figure of $G,ooo.ooo a 
year, \Vith the planting of large peach orchards and the springing up 
of thousands of trees from tossed-asvay peach pits, the insect has in- 
creased tremendously in number. Originally, the larvae fed upon the 
wild dierry and plum trees. 

The adults are attractive, but small, molhs widi a wingspread of a 
little more dian an inch. In the male, die wings are transparent, 
wiili blue edges and blue veins. Its body is blue, each segment 
banded with fine white or yellow lines. In die female, only the rear 
wings are tiansparcnt; the foresvings and abdomen are steel blue, 
except for the fourtii segment of Uic abdomen, which is vivid orange- 
red. Strange to say, however, in specimens from the South it is the 
fifth segment that is so gaily decorated. 

The female lays her tiny, pretty e^s. four or five hundred of them, 
scattered a fciv here and a Few there, in crevices of the bark, usually 
near the base of the trees selected. Tlie larvae bore in and tiien feed 
just under the bark, going up or down. Signs of attack can be dc- 
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lected by the oozing sap, which thickens into the peach gum which 
children are so fond of chewing. 

“AIICROS**— THE LITTLEST MOTHS 

For everj’day, nonscientihc purposes, we are apt to divide the Lepi- 
doptera into nvo groups. Into one we place all the beautiful, grace- 
ful, sho^vy creatures, usually large and always charming, that ho\er 
over our flowers in the daytime or come to our srindow screens at 
night. Into another group go the Clothes Moths and all the other 
small, fuzzy, dizzy little demons, dull-colored, inconspicuous, and un- 
attractive pests. 

Even the scientist finds it easier to separate the little fellows for 
concentrated study. He has dignified his surrender to convenience 
by calling the small moths a long name, miaolepidoptera, which 
usually shortens to "micros.” There arc at least seventy families in ibis 
group. There are probably Uiousands of species, many of tliem as ^ei 
unidentified. They are the most dillicult to study, the least known, and 
doubtless the most interesting of all their order. 

Micros are all motlis, all active during the evening and at night, 
flying in the daytime only when disturbed, as, for example, 
shaken out of )our coaL The smallest are only a fifth of an inch u> 
length. Tlie largest have a wing expanse of one inch. 

Under a lens, many of these creatures show great beauty. The 
wings which look so dull to the unaided eye are actually brightly 
patterned with metallic spots and lines. Sometimes the wings arc 
oddly shaped. Those of the Plume Moth are divided so tliat diey 
look like outstretched feathers. Using the lens, jou will see tliat 
modi often wears a lovely headdress, has Urge, bright eyes, fancy 
mouth appendages, and long, delicate antennae. 

The Yucca Moth, Gardener and Conservationist. On the plains and 
mesas of the southwestern United States and in many of their culti- 
vated gardens, the Spanish bayonet or yucca lifts tall stalks of heav), 
fragrant blossoms. Shake some of these flowers and watcli a few 'CtT 
small, pale raoilu drop out and uke off on die aimless, wiggle-waggle 
liiglit that characterizes die micros. 

In one habit, however, the yucca micro is quite different froni 
most of die group. Tlic female gathers pollen in its mouth, which i* 
specially modified for this purpose, and carefully places it on die stigma 
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of the >01003 nowcr, thus assuring seeds for her young. Then siic de- 
posits her eggs in the flo^vev’s ovary. Tlic larvae feed on tiie seeds, al- 
ivays leaving some to provide for future crops. 

MICROS OF ECONOMIC IMPORTANCE 

With a few exceptions, like the yucca modi, only those micros have 
been studied whose interests conflict witli man’s. Among these arc 
the three species of clothes moths diat have bothered us for so long. 
They belong to die Tineldae family, many of whose members feed 
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on dead animal matter, particularly fur. feathers, and uool; but some 
feed on fungi and decaying vegetation. 

Ixaf Miners, belonging to se\cral families, are beautiful, bright, or 
metallic-colored, moths, exquisitely shaped, whose caterpillan attack 
die leaves, twigs, and fruit of practically ail our trees and shrubs, as 
svell as many greenhouse plants. 

Leaf Rollers, not so brilliantly colored, have small, pink, yellow, 
or green caterpillars which feed on leaves, fruits, and nuts almost to 
the despair of man. To this group belong the terrible Codling ^^olh, 
die Oriental Peacli Moth, die Grape Modi, die Cranberry Black- 
head Wireworm, and many anodicr pest diroughout the world. Here 
also belong the Mexican-jumping-bean Modi lan’ae, whose antics 
have delighted dtUdren for ages. 

Larv’ae of a great many micro species feed on our dried and proc- 
essed foods, on Sour, meal, breakfast foods, macaroni, noodles, and 
the like, dried fruit, and shelled nuts. Their living adds greatly 
the cost of ours. 

Heroes of Australia. But in the same family, with the worst of the 
meal and dried-fruit moths, lives the famous Caaus Moth, Caeloblas- 
tis caetorum, true hero to the Australians. Years ago misguided 
persons introduced the American prickly-pear cactus into Australia. 
In an incredibly short time the cactus had covered sixty million acres 
of that continent’s dry pasture land. In 1925 Argentina sent the suf- 
fering Australians 2,750 cactuvmoth c^. TTiese were placed on the 
cactus leaves, hatched well, and the larvae burrowed in and set to 
work. ^Vitbin the next few yean, millions of moth eggs were dh" 
tributed around Australia, and everywhere the larvae rapidly de- 
stroyed the cactus. 

Another group of micros whose habits coincide with our desires 
are some species of the tiny, lovely Sun Moths. Their minute cater- 
pillars have been observed feeding on mealy bugs, scales, and other 
coedds. 

The great majenity of the microlepidoptera are still unknown to 
us. As we leam more about them, we shall doubtless find many 
we can call beneficial, because they feed on something that we 
destroyed. 



The True Flies— Biters, Scavengers, 
and Poisoners 


riMONC English-speaking people, almost any insect iliac has 
noticeable wings, or one that makes much use of its wings, is called a 
fly, or some special kind of fly. So we have Btxierflics, DragonHies, 
Fireflies, Harvest Flies, and May Flies, as well as Houseflies, Bluebottle 
Flies, and Horseflies. Actually, only ilie bsi three named belong to tlie 
‘'true” flies (order Diptera). As we titink about these for a moment, 
we may recall other only too familiar insccu that are also true flies: 
Mosquitoes, Midges, Robber Flies, Fruit Flies, and many more. 

HOW TRUE FUES DIFFER FROM OTHER INSECTS 

Look carefully at an assortment of these various flies, and you will see 
that they have one prominent characteristic in common: each has only 
one pair of wings. All otltcr insects have either no wings at all or two 
pairs. 

^Vhac has happened to the second pair of wings in the Diptera? 
Just back of ike base of their wings you can see a pair of curious little 
knobs, mounted on slender stalks. These odd structures arc called 
"haltercs,” or balancers. Since they occupy the approximate posi- 
tion wlierc the second pair of wings would be, if present, and since 
they vibrate when tlie flics are flying, it is assumed by many insect 
experts lliat they are modifled wings. OUier entomologists believe that 
the haltcTes may be a more recent, and perliaps independent, develop- 
ment, appearing after the second pair of wings had ceased to func- 
tion, had grown smaller and smaller, and had eventually disappeared. 

It is this single pair of wings and die lialieres that distinguish the 
Diptera from all other insects. They have one other noticeable charac- 
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teristic, large eyes, sometimes occupying most of tlic head- In general, 
members of the Diptera do not differ as widely from one another as 
do the members of some other orders. Tlicrefore we consider the 
Diptera as being "homogeneous,” meaning that iu members hate 
very similar characteristics, as distinguished from the Hemiptcra. 
which is a "heterogeneous" order (having widely varying members). 

FLIES ARE ABUND.VNT EVERYWHERE 

Flies make their homes everywhere, from the lands of long winters 
and short summers to the steamiest jungles. Some are small, nmiy 
invisible; others are large. Some arc very dull in appearance; others 
dress brilliantly in yellows, greens, and reds. Some arc benefiaal to 
man as scavengers, or in their parasitic atucks u^n otlicr insects. 

Olliers, however, are veritable demons, assailing you fronully^ 
well as from both quarters and the tear. These HiUc devils i^y be 
plain biters, leaving painful, but temporary, reminders of their pres- 
ence. Or they may be iruidious injectors of proiotoans that will I*®'* 
you suffering from dangerous diseases. Totaling up. however, 
are probably more beneBcial than dangerous to man's interests, 'in* 
gnibs of some species of flies are used as food by a number of prion- 
live peoples. 

Although the Diptera arc not as numerous in species as the Lep* 
doptera or the Coleoptera, some seventy-three thousand have been *• 
scribed, and new ones are constantly being added to our lists. 


CRANE FUES-SUMAIER DANCERS 

At about sunset on a hot summer day, invite yourself to a dance of 
the crane flies. For an excellent view, uke your seat near the top o 
a grassy bank above a marsh or poncL Even if such a location is not 
at hand, many such dances will be going on over wet meadows or 
the opening of a small ravine. 

Up and down, up and down. Dagileiy and clumsily, the crane fl>** 
dance until night falb, sometimes hundreds joining in ilie delica^* 
rhythm. These are all males, and usually all of one speacs, althoug 
occasionally a straggler of some other kind will join in the gaico^ 
The dance b apparently a kind of courting entertainment, with 
lady flics watching quietly from the side lines. 
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The crane flies (family Tipulidae) are easily recognized by iheir 
long, slender wings and bodies, but particularly by their very long 
legs. Sometimes they are called daddy long legs, but this name 
should be reserved for the long-legged spiders or harvestmen to which 
it is more generally applied. 

The Tipulidae arc weak fliers, their second and third pairs of legs 
dragging out behind, while the first pair is held doubled up in front. 
Once you have seen their curious flying appearance, you will always 
be able to recognize it. 

COLLECTING CRANE FLIES 

Since they get about so clumsily, you will find the crane flies easy to 
catch. However, few entomologists have bothered to collect them be* 
cause they arc so diflicuU to mount and keep. Some of the legs are 
sure to be lost. The safest method is to pin each specimen as soon as 
you catdt it; if Uiis is not possible, place each in a separate papw 
envelope. Pinned and dried specimens are still more fragile, and it is 
seldom that you see a perfect example in a collection. 

CRANE FLIES AROUND THE WORLD 

Contrary to the usual geographical variation seen in insects, the crane 
flics of die tropics are commonly smaller than diose in die cooler cli- 
mates. Note, however, a rule-proving exception, die Snow Fly, which 
is only about a sixth of an inch long and is found in such cold regions 
as northern Canada and also liigh altitudes. 

The wanner temperate regions produce some truly enormous crane 
flics. China and Australia have the largest, but the author has seen 
several in the United States whose outspread legs would cover a 
small saucer. They look like giant mosquitoes. Every once in a while 
one of these large crane flies is brouglii into die audior s office in New 
York City, usually in a milk boule. its proud possessor certain that 
he has captured a dangerous New Jersey mosquito. 

We are fortunate that crane flics cannot bite. If they could, they 
would undoubtedly be dangerous to have about. A few are pests, feed- 
ing on cultivated crops. Most of the species feed on vegetation grow- 
ing in swampy areas. 

Crane-fly larvae have cylindrical, gniblike bodies, the largest over 
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uso inchcj long, proicctcd by a body wall or integument so tough ilut 
they arc often called "lealhcrjackets.** Many live in the decaying 
vegetation in swamps, or in the Iiuitius of thick, damp woods, and 
quite a few arc aquatic or scmiaquatic The larvae of some species 
feed on root vegetables and bulbs in Europe. The larvae of another 
arc something of a pest to California grain crops. 

Various Crane Flics, ^^orc than six dious.nnd species have been de- 
scribed. One-third of Uicsc liavc been named by one man. Dr. C P- 
Alexander, of Amherst. Mass. i\s a result of his energetic efforts, our 



knowledge of the crane flics has been far advanced, and new species 
are constantly being listed. Any collection of crane flies from a little 
studied region will yield new members. 

A few species are wingless, or have wings reduced to little wingless 
pads. One of these is the tiny snow fly, or snow gnat, Chionea 
of the northern United States and Canada. In 1946 the author took 
two specimens of a wingless speaes that were clinging to the vegets- 
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lion along a roadside ditch in tlic mountains overlooking Mexico City, 
at an altitude of twelve thousand feet. 

A very pretty species, BiUBcomoTfiha clavipes, black, with white- 
bands all around the legs, has its legs thickly covered witli very short, 
fine hairs. It is practically invisible when it flics, looking like an ethe- 
real fluff ol down. It has been called the phantom crane fly. 

THE MOTH FLY 

The attractive little moth fly is so called because its body, legs, wings, 
and antennae are densely clotlied with fine hairs, making it look like 
a liny moili. Since moth flies arc so small, seldom over a sixth of an 
inch in length, they would scarcely be noticed except for their habit of 
flying to a window and there walking back and fortli, spreading and 
folding their wings as they walk. Their wings are bent at a sharp 
angle at the base and lie rooflike over the body when the insects are 
at rest This also adds to Uie moihhkc appearance of these flies. 

The moUi fly's wormlike larvae live in decaying vegetation, fungi, 
sewage, and dung, and sometimes in flowing water. The adults can be 
found crawling or (lying around. 

This family (Psychodidae) is a small one. and, except for one genus, 
is rather beneficial to man, since its larvae assist in the disintegra- 
tion of decayed animal and vegetable matter. The exception is the 
dreaded Phlebolomus, a bloodsucking genus, most species of which 
transmit disease. One of these carries an infectious skm ailment, die 
dangerous verruga dbease, prevalent on the western slopes of the Pe- 
ruvian Andes. Others transmit kala azar and the Oriental sore in Asi- 
atic countries. 

Phlebolomus flics have longer legs tlian the oilier moth flies and are 
less hairy. They fly only at night, hiding in dark caves or rocky crev- 
ices during the day. After their habit of night flying was discovered, 
the Peruvian government was able to reduce verruga mortality greatly 
by carefully screening village and railroadomp sleeping quarters. 
The newer insect repellents should also serve to ward off the attacks of 
diese flies. 


THE MOSQUITO-CARIUER OF DREAD DISEASE 
Of all the insects, the mosquito (family Culicidae) undoubtedly 
causes the most sufferins, both to humans and to animals. Not only do 
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mosquitoes disturb and annoy us with their persistent biting, but 
many species act as distributors for some of our most dangerous dis- 
eases. 

Malaria, yellow fever, dengue, encephalomyelitis, filariasis, and 
other aUlictions result from the microscopic protozoans tvhidi spend 
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borders of ponds and streams, for it is in the rrater that these insects, 
as larvae and pupae, have spent most of their lives. A feiv speaes, 
however, are not water-diveHen, but live in damp, decaying v^eta- 
tion or svei, humus-hlled soiL 

The water-dwelling midges are one of the principal sources of food 
for small fishes, a fact for the fisherman to rcmcmbCT. as he curses and 
flails at the “pesky oritters." Midge larvae are soft and wormlike and 
spend their hours burrotxdng in the oozy muck. Some are called blood- 
worms because they possess a hemoglobin ivhich gives them a blood- 
red color. Those that live among water w eeds arc usually greenish- 

II is usually on a warm summer evoiing that the pupa swims to the 
surface, its skin breaks open, and out craw-Is the adult midge- So many 
e m er g e during favorable seasons that vast hordes of them drift out 
os’cr the land. ^lany are carried by the winds far from the water, 
never to be able to return to deposit their eggs. Most midges cannot 
bite, but by the numben that lodge in hair, eyes, nose, and mouth, 
they can make one very uncomfortable. 

hlany a householder along the Great Lakes, delighting at day's eod 
in hu newly painted home, has awakened the neu morning to 
thousands of these little flies firmly embedded in the sticky paint* 
Street lights are someiiioes capped with a crown of midges mixed witl> 
May flies, and office buildings may be draped with mantles of midgs 
over their windward walls. 

When examined closely, adult midges show up as attracti'C insects, 
with their long, slender legs, delicate wings, and especially the largCi 
feathery antennae cl the maW 

Sand Fhes, Pu nk i es , and No^e-oms. .-Uthough it is true that mo5t 
midges cannot bite, one small group belonging to tlie genus Ctilicci^^ 
more than makes up for what the others lart in this respect. These are 
the sand flies, punkies. and nosee-ums of the northern United Stare* 
and Canada, kou can scarcely see them, but you certainly f^^ 
them, for it is their business to bite the moment they alight on ytsrr 
skin. Their bite feels like the jab of a red-hot needle. 

The sand flies generally fly just at dusk or on rouggy. overcast daj^ 
Since they are so small, they can pass through the aserage tnosquis®" 
proof screen. 

Before the days of DDT. cottagm located along sraterway* 
swampy areas were regularly invaded by the no"$ee-uin5 every cve* 
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ning. Now, by spraying all icrctm wiili a 5 per cent DDT oil spray, 
you will kill the biggest percentage of these flies as tliey pass through 
the mesh. 


GALL MIDGES 

Tlie gall mitlgcs arc better knowTi by llicir activities than by their 
appearance, because they are such tiny, fragile creatures. The smallest 
of all the flies, most of them are less than one-tenth of an inch long. 
Only a lens can reveal tlicir delicate beauty. Hairy, long-legged, and 
equipped with long, beaded antennae, they fly about on transparent, 
gauzy wings. Their feeding habiu are varied, and perhaps it is easiest 
to consider them from this angle. They belong to the family Cccidomy- 
iidae. 

The predatory species all fit in nicely with human needs, feeding 
upon plant lice, mites, coccids, and bark beetles. 

A good number are saprophagous; that is, they feed upon decaying 
vegetation, dead trees, fungi, and dung. They are beneficial as scaven* 
gen, returning organic matter to a condition in which it can be reab- 
sorbed by plants. 

A great many gall midges are phytophagous; ihat is. they feed on liv- 
ing plant tissue. Tliis makes them man’s competitors, particularly 
when they attack planu which he has been cultivating. 

The Hessian Fly, Phylophaga desiructor, is a species belonging to the 
phytophagous group. As a destroyer of wheat, it has few equals: its 
annual damage is estimated at nearly 5100,000,000. The Hessian 
fly does not confine its attentions to wheat; it is just as fond of rye 
and barley. The eggs are laid along the stem; the hatching larvae, pro- 
tected under the leaf sheath, feed on the stem, injuring or killing 
llie plant. Since there arc two or three generations a year, tremendous 
destruction results. 

Tlie Hessian fly is believed to have originated in Asia, spreading 
to Europe in hay or cereals. It readied Long Island in the Revo u- 
tionary \Var, carried there in straw that die Hessian soldiers broug «c 
for bedding. By 1 884. it had reached the Pacific coast, having traveled 
from svheat field to svheat field as the American settlers pushed art icr 
and farther West. 

Other Midges. AnoUier wheat pest, the Wheat Midge, ' 

was also imported from Europe, a short while after t le essi 
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ning. Noiv, by spraying aJi screens witli a 5 per cent DDT oil spray, 
you will kill tlie biggest percentage of these flies as they pass through 
the mesh. 


GALL MIDGES 

The gall miOges are better known by t/icir activities than by their 
appearance, because they are sud» tiny, fragile creatuies. The smallest 
of all the flies, most of tliem are less than one-tenth of an inch long. 
Only a lens can reveal their delicate beauty. Hairy, long-legged, and 
equipped sviili long, beaded antennae, tlicy fly about on transparent, 
gauzy wings, Tlieir feeding habits are varied, and perhaps it is easiest 
to consider them from tliis angle. Tliey belong to the family Cecidomy- 
iidae. 

The predatory species all fit in nicely with liuman needs, feeding 
upon plant lice, mites, coccids. and bark beetles. 

A good number are saprophagous; titat is, they feed upon decaying 
vegetation, dead trees, fungi, and dung. They are beneficial as scaven- 
gers, returning organic matter to a condition in whicli it can be reab- 
sorbed by plants. 

A great many gall midges are phytopliagous; that is. they feed on liv* 
ing plant tissue. This makes them man’s competitors, particularly 
when they attack plants wliich lie has been cultivating. 

TJic Hessian Fly, Phytophaga destruclor, is a species belonging to the 
phytophagous group. As a desuoyer of wheat, it has few equals: its 
annual damage is estimated at nearly $100,000,000. The Hessian 
fly does not confine its attentions to rvlieat; it is just as fond of r>c 
and barley. The eggs are laid along the stem; the liatehing larvae, pro- 
tected under the leaf sheath, feed on the stem, injuring or killing 
the plant. Since there are two or three generations a year, tremendous 
destruction results. 

Tlie Hessian fly is believed to have originated in /\sU, spreading 
to Europe in hay or cereals. It readied Long Island in the Revolu- 
tionary War, carried there in straw that die Hessian soldiers brought 
for bedding. By 1884, it had reached ilie Padfic coast, having traveled 
from wheat field to wheat field as the American settlers pushed farther 
and farther West. 

Otlier Jlidges. Another wheat pest, die Wheat Midge. Diplosis tn/ta, 
was also imported from Europe, a short while after the Ilcssian y. 




1062 TRUE FUES-BITERS, SCAVENGERS, POISONERS 


The Pear Midge, Contarima pyrivora, eaiers die pear Iruii jJirougli 
ihe blossom. It causes a lumpy devdopment in the fruit, particularly 
around ilie core. It also emigrated from Europe- 

Many of xVmerica’s destructive pests arris cd from Europe >ears ago. 
before Uie esublLshment of tlie United Suics Bureau of Entomology 
and Plant Quarantine. Since this important government agency ss'as 
set up and developed its tliorough inspection of all plant material 
and other possible sources of infestation, fesver pests are able to reach 
Americas shores. Nevertheless, in spite of this careful inspection, 
some foreign insects and plants still get established svithio them. 
Many never become pests: but there are always a few that, having 
left their natural controls behind, or finding conditions here favorable 
for ilieir development, quickly spread until they become serious prob- 
lenis. 

Many of the phytophagous ceddomyiids produce galls, iltose cu- 
rious enlargemeou of the plant tissues. They attack the roots, stems, 
leaves, and flowers, showing particular interest in tlte plants belonging 
to the families Gramtneae, the grains; Salicaceac, Ute willous: and 
Composicae, the cfaryuntiiemums, daisies, sunflowers, and tlie like. 

BLACK FUES-SOME ARE BRILUANTLY TINTED 

Everyone who has vacationed in the North Woods has suffered from 
these stout, humpbacked, short-legged flies. Toward evening, or on 
overcast days, the female black fly, for it is only she who bites, starts 
her search for a possible victim. Noiselessly, she sneaks up on you and 
jabs you viciously on any exposed pan, but preferably on the back of 
the bands or neck. A small blood blister is the visible result of tlie 
bite, but an interne itching is felt at tlie spot for hours. 

These flies are bothersome not only in the North, but in the tropics 
as well. During a recent trip in eastern Peru, the author was troubled 
greatly just at dusk fay sst-arms of black Sics. One of the newly devel- 
oped insect repellcnu was eff«;tive a^nst mosquitoes but failed to 
ward off tlie simuliids unless the exposed skin was thoroughly doused. 

Although most of the black flies do not cause any trouble other tlian 
their severe bites, a few are carriers of disease. EusimuUum damno- 
sum, widely distributed in pans of Africa, transmits to man the 
Roundworm, Onchocera volvulm, vrhicli builds painful cysts under its 
victim’s skin, especially in the eyes. There have been occasions v»hen 
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animals, boUi wild and domestic, and poultry, have died in numbers 
as a result of diseases carried by various species of tliese Qies. 

^Vhile many of die black flies are true to their color name, some are 
more brightly tinted with yellow, orange, and red. They have a num- 
ber of other common names, such as buffalo gnat and turkey gnat. 
Only about Uiree hundred spnics make up this family (Simuliidae), 
but, as is frequenUy the case when a group is limited in species, it 
more dian compensates for thb lack by the multitudes of its individ- 
uals. 

Some Well-known Black Flies. The most widely distributed species, 
and the one you are most likely to meet, is named Simu/fum villalum. 
A rather pretty species, called die White-siocVinged Black Fly, Simuli- 
um venusfum, beuuse portions of the leg are marked with white, is 
also widely distributed east of the Rocky Mountains and as far north 
as Alaska. The Adirondack Black Fly, Prosimulium hirtipes, is found 
in the Adirondacks and nordieastem sutes. The Yellow Gnat, Pro- 
simulium fulvum, is a bad pest in the western states. A black fly whldi 
attacks turkeys as well as domestic animals and man throughout the 
southern part of die United Sutes is Simidium meridionale. 

INTERSSriKG WAYS OF DLACK-FLY LARVAE AND PUPAE 

The larvae and pupae of the black fly lead interesting lives. The 
larvae inhabit swift flowing streams, clinging in groups to silken 
tlireads fastened to die rocks on die bottom. Somedmes they are so 
numerous as to make a black patdi. looking almost like algae, cover- 
ing square yards of die stream bed. 

Here, they feed on the life that the rushing water brings them, 
sweeping it in wiUi brushes on their beads. Each tiny larva clings by 
a sucker-like process on the end of its abdomen to the silken thread it 
is consiandy spinning. If disiurbed. it will let go its hold, but will not 
be ivashed away, because it has many otlicr threads in the vicinity or 
can very rapidly spin a new thread, first having it very securely an- 
chored. 

. When mature, the larva construcu a tiny, silken nest in which to 
pupate. At first, it is completely enclosed in this cocoon. When the 
larva lias changed to a pupa, the downstream end is pushed out of the 
nest, making a convenient exit for what is about to be created. The 
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pupa rcsu, ^vilh its fore part projccung into the stream, breathing the 
air from the tvcll-aerated tvater, awaiting tiie day of its liberation. 

Slowly, the pupal skin becomes inflated as air is filtered from the 
insect into the space just under tlie skin. The skin becomes rounded 
and buoyant. Rounded and more rounded, buoyant and more buoy- 
ant it grows, until this tiny pupal balloon pops from its nest and soars 
to the surface of Use water, where it breaks open, releasing the fully 
developed, winged fly. 


GADFLIES AND HORSEFLIES 

hfembers of this family (Tabanidae) are mostly large, husky flies 
that announce their arrival by a loud *'whir-r-r-r'’ as tliey circle their 
intended victim. One group, however, is more subtle, informing you 
of its presence only by a vicious jab on the hack of the neck or some 
other vulnerable spot. These sneak atuckers are smaller than most of 
their relatives. They belong to the genus Chrysops, and are popularly 
called gadflies, deer flies, clegs, breezes, or ear flies. 

The Chrysops tend to have yellowish abdomens streaked tvlth 
darker lines or blotches. A few have dark, or even black, abdomens. 
Their clear wings are usually marked with one or more dark bands or 
spots. Normally, they live In woodland places, tvhere they attack 
all mammals, lajge and small, from rabbits to deer. They particularly 
relish human blood, as any hunter or fisherman can tell you. It is be- 
lieved tliat some of the ^vestem Chrysops may transmit tularemia to 
persons. As willi the mosquitoes and many other Diptera. it is the 
female that bites. 

The genus Tabanus contains the larger, noisier species which are 
the true horseflies. Some are also called greenheads because of their 
very large, iridescent eyes, streaked svith footing lines of red, yellow, 
blue, and green. The eyes oexupy roost of the head, particularly in 
the males; you cannot help adc^ring the beauty of the greenheads, 
while despising the way they make their living. 

TORMENTORS OF DOMESTIC ANIMALS 

Tdbanus species frequent pastures and more open country, where they 
prey upon horses, cattle, and other domestic animab. It is not at all 
uncommon to see open sores made by these flies about the neck, legs, 
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DEEB fir, HOUBEFir, AND HOKSEFlV-rESTS TO MAH AND BEAST 

Mi»> art aHraclSra litll* Inttcft ia thb plci«>«, bvt Ihtir habiii d» net pUoM Uk Tlie 
prettily marled deer fly (lap hH) ettode ol erammeli, end U ihovgll to treniimt tvleremla 
to peeple. W« ore elwey* fighting the hoveelly (hetlen left) but It iiill nirvlueb partly 
becoute it can produce mony gentrotioM U one lurnmer. The honefly fright) It uiuolly 
large, with enermevt biilliont groe* eyeb Hot oniy don thlt pert drfre enfmoli ftentl^ 


The damage done fay the horseflies is not limited to mere sores. 
They also frequently transmit anthrax* an infectious disease often at* 
ucMng cattle and sheep, and sometimes man, and also the trypano- 
somes that cause the surra disease in hotses. 
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SEA GOING HORSEFLIES 

Even though the horsefly is known as a pasture and mcado'V insect, a 
number oE species of Tabanus leave llic land to venture far out to 
sea. TTie author lias seen tlicm miles from shore on the Great Lakes, 
as ivell as incredibly far out on die Atlantic and Pacific oceans. 

Seemingly, they come from nowhere to settle in sheltered places on 
a ship. After a sliort rest there, they sally forth to attack. One ivon- 
ders where all tliese flies could come from. 

The explanation that comes first to mind is that they stowed aivay 
on the ship before it left port. This is doubtless true In many cases; 
but vessels that liavc been thoroughly inspected and found free of 
flies at the stare, very quickly begin to pick up a sizable quota. This 
seems to demonstrate that the flics are on the wing over the water. 
Since they are suong fliers, many may have flown away from land. 
^fa^y more are carried to sea by strong winds. A passing sfiip can 
provide a welcome resting place (or tliese tired insects. Undoubtedly, 
many flies, like butterflies flying over the oceans, settle on floating 
debris. 

Other Black Flies. If you see a large, black horsefly with smoky 
wings, in the eastern United Suies, it is pretty certain to be Tabanus 
atratus. If jou see a similar fly in the IVcst, it is probably punctifer. 
These two are among the largest of the honeflies. 

About 2,500 species of the Tabanidae family have been described, 
some three hundred of these being distributed throughout North 
America. They appear in every climate, although more commonly in 
tlie warmer countries, and at high altitudes as ivell as in the loiv* 
lands, but nearly always around water or damp places, because their 
larvae almost always live in the ivatcr or in mud. The eggs are long 
and slender and are laid in overlapping layers in masses attached to 
the foliage along the stream banks or in swampy places. As soon as 
they are hatched, the licde larvae drop into the w-et muck where they 
spend nearly a year feeding and growing. 

BEE FLIES— THEY LOOK LIKE BUMBLEBEES 

When you ivalk along a sunny woodland pathsvay during late summer, 
you are almost certain to see and hear one of the bee flies hovering 
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close 10 the ground, its briglit wings buzzing noisily. y\t first sight and 
sound, you may think it is a bumblebee. 

It is a fuzzy fly, iiowcvcr, its Jargish aMomen decorated witli short, 
Uiickset liairs tvliicli may be yellow, orange, white, black, or even a 
combination of several of these colors. The transparent wings arc 
blotched with black in patterns peculiar to cadi species. Some spedes 
sport a long proboscis sticking straight out in front. 

Their hovering will identify the bee llies more quickly than any 
description can; for, on wings vibrating so rapidly as to be nearly in- 
visible, they remain absolutely fixed over a spot. Suddenly, with wings 
still vibrating, tliey dart off to /lover over another spot a few feet 
away. Even in cities, above scorching sidewalks, you may see bee 
flies hovering. 


FEEDING AND MATING 

The adults eat pollen or sip necur from llowers, but the larvae are 
parasitic on other insects. The newly hatched little maggot hunts en- 
ergetically for a bee's nest, the egg mass of a grasshopper, a caterpil- 
lar, a beetle grub, or whatever ilvat particular bee-fly species prefers. 
The parent bee fly, of course, drops her eggs as close as possible to 
the preferred host. If successful in iu search, the larva settles down to 
feed and does not move again. 

In this family (Bombyliidae), about two thousand species have been 
described so far. One of the largest of them, Bombyiius major, is 
also one of the most common and one of the most widely distributed 
in the Northern Hemisphere. It is densely covered with black, white, 
and brown hairs, and the front halves of its wings are black, it is 
parasitic on tlie larvae of some of the bees. The history of another 
member of this family, the Antlirax Fly, also parasitic on bees, has 
been beautifully told by the great French writer, Henri Fabre. In 
compensation, to man, at least, for the family depredation on bees, 
several African species arc parasitic on the pupae of tlte Tsetse Fly. 

robber flies-heavily armed insect highwaymen 

All insects, except the very largest, fall easy prey to that swooping 
highwayman, the robber fly- Even the honeybees, wasps, and 
the smaller bumblebees, armed though Uiey are witli powerful stingers, 
are no match for a robber fly and its paralyzing proboscis. 




19(^ TRUE FLIES-B1TER5, SCAVENGERS, POISONERS 


Swift of flight, Uiu fly overtakes iu victim in the air and cluiclics it 
wiili all six powerful legs; at the same time the fly jabs its beak into 
tlie victim. Almost instantly, tlie struggles cease, and tlie robber 
ily carries tlie body to some convenient perch to suck it dry. 

Only a violent disturbance can force tlie ily to drop iu food before 
the last drop has been drained. A slight disturbance will only cause it 
to carry die carcass of! to a quieter spot. The wanderer afield is 
certain sooner or later to see one of the robber (lies in action. 

Beekeepers are likely to fear robber flics, or assassin flies, as they 
arc sometimes called, because of the destruction iltcy arc thought to 
cause in beehives. This is a qucstioiublc fear, because it would take a 
great many flies to make any considerable inroad into the population 
of even a single hive, and robber flics never appear to be very numer- 
ous. Perhaps in queen-bee rearing yards, die damage might become 
serious through die destruction of valuable queens. 

HANDLE WITH CAREI 

To the would-be collector of robber flies, a warning must be issued. 
Before the author learned to Iiandle dicm, tu'o spedes of this fly bit 
him every time he tried to take them out of Iits net If the fly can get 
into die proper position, it loves to sink iu beak into the ball of your 
diumb, creating a painful wound. Of course, one can bear this fly 
no ill-will, since it is acting purely in self-defense, if you are hesitant 
about experiencing a robber-fly bite, try to steer these flies into your 
killing bottle instead of seizing them in your Angers. 

The larvae are also predatory, feeding upon insecu and perhaps 
other small, soft-bodied creatures living in rotten wood, decaying leaf 
mold, or odier vegetable debris. 

The family (Asilidae) is a large one, with over four thousand spe- 
cies widely distributed throughout the world- A few of the species are 
quite small, but most of them are Uirly large. One of the largest, 
an Australian species, PheUtis glaucus, is over tivo inches long, svith 
a wingspread of three and a half inches. It is steel blue in color. A 
smaller species, but perhaps the handsomest of all robber flies, also 
lives in Australia. It is Blepharoles coriareus, blackish in color, ex- 
cept for the abdomen, which is a brilliant orange, decorated with tufu 
of black and white hairs; it has smoky-gray svings. 




ROBBER FLIES OF THE UNITED STATES 


In die United States, diere are tbree general styles of body design in 
the asilids. In the genua Lepto^lerf represented by only a few spe- 
cies, the abdomen is elongated, with tlie last three segments much 
enlarged, giving the fly a wasplike appearance. In Erax and Asilus, 
to tvhich most of the species bdong, the reverse is true. Here, the ab- 
domen is quite tliick at the base, tapering toward the tip. In the male, 
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ihe extreme tip is rounded iind slrghtl)' upturned. The female, Jjoiv- 
ever, lias a tip that tapers to a very sharp end. She uses thu tip tn 
insert Iicr eggs into rotting vegetation or old logs. 

The tltird $t>lc, illustrated by the genus Dasyllis, has a rounded 
abdomen, uhich, together with tlie head and thorax, is covered with 
a dense cloak of liairs. This plumage is usually gold and black, giving 
die Hies the appearance of bumblebees. Perhaps this resemblance to 
bumblebees enables die robber flics to get close to their victims. Or it 
may protect die flies izom other predatory crentures, ithicJi mistake it 
for a stinging insect. 

It is also possible that diis resemblance may just have happened. 
There arc many examples of mimicry throughout die insect world 
which to our human eyes seem to serve a definite purpose, but we 
have no reason to believe that insccu sec things as we do, or tliat diey 
would come to the same conclusions about them. 

.MYDAS FUES-I-UIGE AND SVECTACUIAS. 

The family Mydaidae is a small one as far as species are concerned, 
and would be omitted from a general book of diis sort, except for the 
large and spectacular insects it contains. 

Mydas clavatus is die only species found in the northern and east* 
em paru of die United States. It is velvety black with smoky wings. 
For contrast, it wears a brilliant orange-red band on die second 
basal segment of its abdomen. Its wing expanse of two inches gives it 
plenty of power and speed and the capacity to create a stanJing noise 
when it suddenly zooms across your path on a hot, sleepy afternoon. 

A DISAPPEARING INSECT 

The author flnt saw one of these flies during his boyhood. It was 
basking in the sunshine on a dead beech snag standing in a dense 
growth of blackberries, poison ivy, and yxiung sassafras. Carefully, he 
approached the lovely creature, breathlessly reaching out his net to 
capture it. But die job was bungled, and the fly was gone. 

Thinking there might be others around, the wTiter is-aited eagerly, 
ivith his eyes glued to the beech trunk. Five minutes, ten, twenty, 
passed. The spot of sunshine was shifting with the lowering sun. Only 
a few minutes remained before all sunlight would be gone from the 
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trunk. Then a "whir-r-r,” and the mydas fly was directly overhead. 
A quick sweep of the net, and this time tiiere was no slip. This fly 
long remained the prize piece in the author's first collection, for be 
thought such an exciting Hy must be something unknown. 

It tvas only years later that he learned what this (ly was, and tliat 
actually it was fairly common. Of late years, liowever, it seems to 
have become very rare. Nervous and erratic human beings, by contin- 
ually redesigning the landscape to conform to short-sighted notions of 
land improvement, by cutting down trees, draining swamps, changing 
river courses, and building artificial dams (instead of letting the hea- 
ven do the dam building), are destroying the earth's great heritage, 
not only of mydas flies, but of wild fiowen, birds, animals, and beau- 
tiful scenery. 

In the southwestern United States and in northern Mexico, you 
can see another $how7 mydas fly, the orange-winged Mydas lutei’ 
pennis, which is larger than the eastern species. Do not confuse it with 
the "tarantula iiawk," a spider-kilting wasp that inhabits the same re- 
gions and resembles the fly. 

Ttie largest mydas fly known Is Mydas hcros, a Brazilian species. 
^Vith its two-inch body and tltree-incli wing expanse, it is truly a 
spectacular insect 

The family is best represented in die Americas, altltough Aus- 
tralia can claim nine species. The larvae, like those of ilie Asilidae, 
live in decaying wood and vegetation. 

THE BEE LOUSE-EXTRA CARGO FOR THE BEE 

In this queer family (BrauHdae). diere is only one common species. 
This is the brownish, hairy, minute bee louse, Braula coeca. It is 
wingless, undoubtedly having lost its wings because it had no furtlier 
use for them; for it is parasitic on bees. Bee lice are so small that 
scores of them may hitchhike from beehive to beehive to flower to 
beehive on the body of a single honeybee. Mostly, however, they 
stay in the hive, crawling about from bee to bee, taking food from the 
mouilis of their hosts. 




1972 TRUE njE5-mTEStS» SCAVENGERS, POISONERS 


HAVOC IN A BEEHIVE 

The larvae burrow through the corob, feeding on the honey or pollen, 
or the bee bread, at the mixture of the two U called. \Vhen numerous, 
they can cause considerable damage to the comb. 

TTie adults crawling about on tlic bees irritate them. So bothersome 
do these bugs become that a bee infested with them sets up a dance 
in the hive or on the alighting board. Round and round it turns, first 
in one direction and then in the other, trying vainly to rid Itself of 
free riders. 

The bee louse w'as first described in France in 1740, although it 
probably tvas known before this, and later s\as recognized as being 
widely distributed all over central Europe and along the Mediteira' 
nean. Man has transported it with his bees until it is now svell estab- 
lished in most parts of the world where bee culture is practiced. 

SYRPHID ELIES, HOVER FLIES, OR FLOIVER FUES 

The syrphids are colorful dies, usually yellow and banded or lined 
w'itb black, or black spotted with yellow. When not resting in flowers, 
feeding on the pollen, the flies may be found in the air, about eight to 
twelse feet above the ground, hovering on rapidly ribrating wings* 
They remain in a sutionary position for minutes at a time, then 
dan off, too quickly to be seen, to a new location. 

For this hovering, the syrphids select a sunlit woodland path, or a 
bright country lane, lined with trees, or occasionally an open weedy 
meadow. A dozen or meue of one species will gather in a shaft of 
sunlight, to romp among themselves, chasing one another, hovering, 
then chasing again, seemingly on tireless wings. 

LARVAE \V1TH CURIOUS HABITS 

The larvae of the family Syrphidae are extremely variable in their 
habits. Some live in the nests of lermitcs or ants, feeding on the dry 
pellets ejected by their hosts* Otherz live in the nests of bees and 
wasps. 

One group lives in the liquids produced by decaying vegetable mate- 
rial or filth. These are the Rat tailed Maggots, which have an ex- 
tended, taiblike tube used for breathing while the larvae are im- 
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mcrscd, head down, in the liijiiid. This apparatus may be from one to 
iltrec limes liie length of tlie 130 * 30 . A European species, Myiatropa 
florea, Jjas a respiratory tube ten inches Jong, or at Jcasi twehe times 
as long as die maggot. 

Another group feeds upon aphids and mealy bugs or soft scab (Uie 
crusty spou on diseased plants and trees). Still others bore into wood 
and into the wounds in trees, into bulbs, and into tlie foliage of plants. 

One of the largest and most beautiful species in Uie eastern United 
States is MUesia vitginiemis. It is aUemaicly banded with yellow, 
black, and brown. This syrphid fly used to be common a nuntber of 
years ago, but of late very few have been seen. It enjoys resting in die 
sunshine on the trunks of dead trees. 

The Drone Fly, Eruialis Ictiax, which has spread from its origitral 
home along the hfcdiietranean to the Western Hemisphere, is yellow 
and black and looks very much like the male honeybee, or drone bee. 
This resemblance, plus the fact that iu Jarvae live and pupate in 
decaying flesh, fooled ancient Greek and Roman pastoral ssTiters into 
believing iliac bees generated from the bodies of dead animals. 

BOTFUES /VND WARBLE FUES- 
COLOKFUL BUT TROUBLESOME 
Many present-day insect experts have split up die Oesiridae family 
into a number of separate families. For convenience in this book, and 
because the botflies in general have quite similar habits, we are re- 
taining the older classificaiion and grouping them all in one family. 

All botflies are medium-to-Iarge, hairy, husky insects, someivhat re- 
sembling bees. Their eyes are smaller than those of most flies. All of 
their larvae arc parasitic on mammals, including man. Since they lead 
extremely interesting lives, let us consider a few of them sepa- 
rately. 

The Horse Botfly or Nit Fly, GasleropAilus equi, might be mistaken 
for a large bee, except for iu white face. Although slow of flight, it 
usually succeeds in rushing in and laying its pale-yellow eggs and 
fastening them singly to the hairs of the legs, chests, and shoulders of 
horses, mules, and donkeys. This, in spite of the fact that the animals 
are trying constantly to drive the flies away. 

When the eggs are batching the tickling young larvae are licked 
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Erom the victim’s hair. From the animal's tongue, they travel down 
its tliroat into its stomach. By means of hooks around their mouths, 
they attach themselves to the stomach ivalls. In badly iniested stom- 
achs the walls are completely covered with tlie uxiggling larvae, 
whicli, when full grown, are three-quarters of an inch long. 

The larvae spend the winter feeding. In the spring, they arc full 
grown. Then, releasing their hold on the viaim's stomach, they pass 
out with the droppings. Burrowinginto the soil, they pupate, emerging 
as adults in the summer, ready to mate and lay eggs for the next gen- 
eration. 

The Nose BotQy, Gasterophtlus haemorrhoidalu, a closely related spe- 
cies, lays its eggs on the lips of the horse. From here, it passes into 
the stomach of the arumal, and the rest of its life is much like that of 
the horse botBy. 

The Cattle Warble, or Heel, Fly, Hypoderma lineaia, is a spedes 
which bothers cattle. These flies are large and heavy and are covered 
with black and white hairs, with extra tufts of white hair on each side 
of the thorax. The female fa<n»nt her small, white eggs to the hairs 
of her victim's forelegs and sides. Some of the newly batched larvae 
are sure to be licked oS the hairs and eventually to reach the animal's 
throat. From there, they work their way through the connective tis- 
sues until they reach the back. 

Just under the bide the larvae stop and begin to feed. As they grow 
they form a lump, or “warble." which can be felt or seen quite easily. 
IE you examine it closely you will discover a small bole in the top of 
the lump, through which the larva breathes and discharges its waste 
material. %Vhen full grown, the larva leaves through this opening, 
drops to the ground, and burrows in to form a pupa. 

In the author’s youth, one of the form boy’s chores was to pop the 
bot out of the cow’s back by pressing the sides of the lump with his 
Angers. ’These holes heal, but they leave a weak place in the hide, 
gready reducing its value. Tanners refer to skins inth such weak 
spots as "grubby” hides. 

Several other c/osely relied species attack various other mammals, 
from field mice to deer. 

The Sheep Botfly or Sheep Gadfly, Oestrus ovis, is usually the cause 
when you see sheep stampeding around the pasture on a hot summer’s 
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does not exceed fifty mnes. and probably reaches this figure only 
for short, darting Bights. A more consers-atire estimate, and one prob- 
ably nearer the truth, rial™ th^ flight to be about thirty to forty 
miles an hour. 


TACmNA riJES-OUR nUENDLY SERVANTS 

The author’s introdoction u> the tachina flics (family Tachinidac) 
came years ago. He had collected a number of the spring cater- 
pHIaxs of the mourning doah butterfly, which he tcpt in a screened 
box, carefully fed, and watched as they all selected spots and hung 
themsclva up by the ts*-o legs at the tips of their abdomens. There 
they remainrf suspended, each from iu little pad of sflh, archi ng , 
head down in a J-shaped positioa. 

The expeaed next sage in their transformation nercr occurred. 
There was no sign that the shin sronld split dosen the back, as de- 
scribed in boots, to reveal the pupa. Instead, these caterpillars were 
gradually shriveling. And then it became apparent that a number of 
insects which at first appeared to be houseflies were in the cage- How 
did they get in? 

Next, the author discovered they were cot houseflies, and something 
be bad read earlier came to mind: that these were tachina flies. The 
p ar ent of these flies had laid bar eggs on the caterpillars before the 
latter were collected. Hatching, the grubs had fed inside, four or Eve 
to eadi living caterpillar. 

Tachina flies are a bane to all lepidpptcrisa trying to rear butter- 
flies and moths bom field-collected larvae but they are a blessing to 
the rest of humanity, for they destroy a great many of the insects 
that wc consider pests. Not onlr do tarMnn flies atraft many of the 
moths that feed on our food, but varioos species also feed on beetles, 
earwigs, grasshoppcis, bugs, wasps, or other flies. 

TACHINA FLEES IN .ACTION 

hlore than fire ilKKisand species of have been described. 

1,500 of them having been seen in North .America; many new ones 
are constantly being added- Amosg these thousands, their detailed 
habits arc quite s'ariable. A lifetime could be spent woiting ont the 
life histories of just a few of them. As far as we know, however, all 
the spedes prey upon other inwr. 
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Tlic taclilna flies lay their eggs on, or in, the victim; or. sometimes, 
they deposit them on foliage, where they may he swallowed by tlieir 
host, or wliere the hatched larvae may lie in wait to attach them- 
selves to their prey. Fifty to as many as 6 ve thousand egp may be 
deposited by the adult fly. depending upon tlie various species. Those 
that deposit the larger numbers of eggs are the species that drop them 
on grass and foliage, where, of course, the mortality to egg and larva 
is very high. Some species carry the eggs until they are hatched on 
the parent. . 

Once inside their host, the grubs live a life of ease until they ar 
fully developed. Tlien they pupate, cither in the remains of the victim 
or on the ground. The adulu range In size from one-sixteenth of an 
inch to a full incli. Most of them arc flerce-looking creatures, covered 
as they are with an armor of bristles. ... . ^ 

BcmiyUomyiaabrypta-Koncot the attiective specie, m 
United States, Jt Itas a large, reddish-ycllow abdomen, greentsh-yehow 
thorax, and clear wings veined in yellow. Its body is covere 
scattered, stiS, black bristles. Von svill find it along palliways on the 
edge of woods, basking in the sonshine, or scouting for a future host 
for its children. . , . , ,, , ,,, 

It is impossible to list the numerous species m this ^ 

the student wishing to specialize in a limited group, nese 
recommended a. an intriguing and rewarding family to study. A wf. 
lection neatly airanged olteo a beautiful display to show to your 
friends. 

BLOWFLIES, SCAVENGER ELIES, AND FLESH FUES 

Although all the member, of ibis large family 
disgusting habit., one group doe. she world an .mmense U"™"' 
gooi tor they are scavengers. The, are syuict .0 lay ^ ^ 

animal matter. Tile larvae, equally quickly, reduce it fr 
iou, condition to one unnnticeable and readily blended »'‘l' 

Some species apply die same clean-up method. .0 decaying vcgemble 
material. 

Dangerous lo Man. Unforlunalely. most ot the 

and dangerous to man and beast. Many ol them place h'" 

die wouLs of animals or man. Some ot these cause infection, ol die 
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The lachina flies lay iheir eg^oo, or in. ihc victim; or. sometimes, 
they deposit tiicm on foliage, where Uiey may be sivallowcd by their 
host, or where tlie haidicd larvae may lie in wait to aiuth them- 
selves to their prey. Fifty to as many as five thousand cg^ may be 
deposited by the adult fly. depending upon the various species. Those 
that deposit ilie larger numbers of eggs are the species that drop them 
on grass and foliage, where, of couise. the mortality to egg and larva 
b very high. Some species carry tlie eggs until they are batched on 
the parent. . . 

Once inside tlieir host, die grubs live a life of ease until they 
fully developed. Then tlicy pupate, either in the remains of the victim 
or on Uie ground. The adults range in sue from one-sixtcenth of an 
inch to a full inch. Most of them arc fiercc-looking creatures, covered 
as they are with an armor of brblles. 

Eambyliomyia abnilM il one of the attractive specici tn the cattero 
United Sutet. It hat a large, reddislfyellow abdomen, grcenith-yeUow 
thormt, and clear wingt veined in yellow, Hi body tt covered wnh 
teattered, still, black bristles. You t.111 find it along pathways on the 
edge of woods, basking in tlie sunshine, or scouting for a future host 
for its children. ... .. .... 

It b impossible to list the numerous species m this ‘ 

the student wishing to specialiic in a limited group. i*‘«e flies ar 
recommended as an intriguing and rewarding ami y to s u y. 
lection neatly atranged offers a beautiful display to show to your 
friends. 


BLOWTLIES, SCAVENGER ELIES. AND FLESH FUES 

Although all Ute members of this large family (Sateopliagidae) have 

disgusts^ng habits, one group does Use world an smn.ense s;”oo"“>' 

goS for they are scavengers. The, are quick to lay their eggs on dead 

animal matter. The larvae, equally quickly, reduce it 

ions condition to one unnoticcablc and readily en e wi 

Some species apply Use same dean-op method, to decay.ng vegetable 

material. 

Dangerous to Man. Unforlnnalely. most of the 

and Lngeron. to man and beast. Many o them P'»“ ” 

the wounds of animal, or man. Some of these cause mfeetmn. of die 
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eyes, ears, nose, and head. Even some of these parasitic species may oe 
considered beneficial to man, however, because they destroy snails -nd 
grasshoppers. Others are parasitic on beetles, spiders, bees, and wasps. 

In all there are about a tliousand known species, ranging in size 
from very small to more than half an incli. Their gray-mottled 
abdomens bristling with scatt^ed hairs, their striped thoraxes, and es- 
pecially tiieir reddish eyes will help you to recognize the members of 
this &mily. 


ROOT SfAGGOT FUES-ENEillES OF CROPS 

An important family to the gardener is Anthomyiidae, for it contains 
a great many species that destroy his crops. 

The Cabbage Maggot, Phorbia brauicae, produces lars-ae that axe 
highly injurious to crops. They attack the stems and roots of young 
plants just set out, causing them to wilt and die. They also attach 
radishes, caulifiower, and others of the cabbage family. Old stalks or 
dead plants left in the garden harbor the insects over the tvinter and 
these should therefore be burned during the winter. 

Phorbia Jutciceps, introduced into the United States from Europe 
before 1856, is more general in iu feeding habiu. It not only attacks 
the cabbage family, but com, onions, and other garden plants, Phorbia 
cepelorvm, also introduced, and its native cousin, ceparum, do con- 
siderable damage to onions. Another, rubivora, girdles the tips of rasp- 
berry and blackberry shoots. Others, such as Pegomyia vicina, mine 
the leaves of beets and spinach, making blotchy leaves, unsuitable for 
market. 

The Lesser Housefly, Fannia canicularis, together with some others of 
the same genus, is an immigrant from Europe. It breeds in dung 
and decaying material, making itself troublesome about houses in re- 
gions that do not possess proper sanitary facilities. 

THE HOUSEFLY-AK AGEOLD PEST 

The Common Housefly, Afiuca domestica, is of course the most fa- 
miliar representative of its family (Muscidae). It svas probably associ- 
ated with man Ion" before he had acquired and domesticated am- 
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mals. Undoublcdly, u has b«n of the most serious pests wlU. 
whicli he has had to contend. , f,,rsfi 

Tltis creature neither bites nor slings, but it , 

by its unsanitary habit ol trailing over unclean 
oLhans the nest moment, visiting the kitchen or dining room. It has 
been known to carry and transmit many diseases, the 3“" 
whicl. are typhoid lever, bacillary and amoebic dysentery, nadioma, 

cholera, and even tuberculosis. r'.s.rr-c The author 

Moncm. Msmons Keep the Houseecv '>< 
can remember the days when flies by the ■'“"‘■'33' 
would congregate about every farmyard, house, 
ing had little eSect. because usually it was so ^ 
however. wilJi the automobile, and its resulting systems, 

style horse and cow stables, and the prevalence 'J' ; 

the fly has practically disappeared trom many places. This ts pariicu 

Urly true in the Urge urban areas- mosouiioes 

Today, with adequate screens to prevent mo t flies tmd 3““"“ 

m gather Sruteh ry in" we need not wotry 

Zti::p:;;::i:n'::g^:!^"U“^.f^3'3;;:- 

cycle, under lavorable temperature and '■ ^ “" „„ extend 

as short a. eleven or twelve da,.. Imwer temperatures may 

the cycle to a monUi or more. „ „„e ol the largest ol the fly 

The lamily Muscidae at one "“J' by raising 

lamilies. Recently, For our%tpose. we will consider 

entire sections of it to family rank. F P ip 
dtese flies more or less as a whole group. In ge^, the, 
pretty nearly the same Intbits. being pr.mar.ly scavengers. 

The Stable Fly. Slomoxys et^i^one to 

nings when the heavens seem all set biters. Vainly 

noticed that the houseflies '“''^^.rm'^remm with renewed vigor 
we drive them away, only to ^ elected spotJ. 

to the attack. Ankles, neck, “ 3 „| 1 , we see at once that they are 
Looking at the pests ”f" ,di a more rounded abdo.nen, and 
not houseflies. They are ahorter. with a more tou 
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differ decidedly in having a long, piercing mouth part imiead of the 
broad, rasping process oE die iamiliar housefly. These arc the sublc 
flies. 

Both sexes are falcxxisuckers. Because they seem to be more vidous 
before, or during, summer rains, these flies have also acquired the 
name of storm fly. Domestic and h'iJd animals suffer tremendously 
Crom these insects. 

The Horn Fly, Haemalobia irritans, is so called from its habit of 
sucking blood at the base of the horns of cattle. U is also called the 
Texas fly, because it u'as believed to have invaded the East from 
that state. Aaually. the fly came from Europe and tvas flrsi noticed 
about 18S7. Of late years, it has become rather rare In the United 
Sutes. 

The Cluster Fly, Pollenia rudu, a fly that looks very much like a 
housefly, is frequently seen u-alUng slowly about in the bouse. U re* 
celled Its popuW name from Its habit of collecting in numbers. It 
will gather, particulariy in the fall, in groups of eight or ten, behind a 
picture, books, or among boxes. \Vhen disturbed, it does not attempt 
so fly but walks slowly away. The wings ate carried overlapped, giving 
the fly an appearance of length. 

The life history of the cluster fly is epedaliy interesting because 
it is beliei'ed that its lanae feed upon eanbivorms, which in turn are 
liiring in manure or decaying vegetation. 

The Screvrwoim, CAryiomyia macellaria, produces larvae which can 
be dangerous creatures. Normally, they feed on carrion, but occasion- 
ally they attack living animals. The e^ are laid in open wounds, or 
in the nose of an animal. If laid in the nose, the larvae may reach the 
bead cavities, a condition sometimes resulting in death to the animal 
or man. 

This fly is bluish in color and is frequently confused with the so- 
called "bluebottle flies” described below. 

Blowflies or Bluebottle Flies. The genus Calliphara contains several 
flies known as blowflies, also as bluebottle flies. These flies hatch 
within twenty-four hours. Sometimes they have already hatched in the 
mother's body, in which case she deposits the living larvae. The larval 
and pupal stages each require from ten to twelve days, the pupal usu- 
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ally the longer. CaUiphora vomitoria is the most common in the 
United States. 

Z.uci7ia has three common species o£ bluebottle flies: sylvarum is 
bright blue; caesar is greenish; and sericala has a bronze tint. Car- 
rion is tlie principal food of all three, although tliey do breed in all 
types of offensive material. 


THE DEADLY TSETSE FLY 

Although tlie tsetse flies arc found only in Africa, no book on insecu 
could omit this family (Glossinidac). whidi is so deadly to man, his 
animals, and the wild animals of large areas in central Africa. 

The tsetse flies are not outstanding in appearance, considering the 
rcpuution diey have acquired. In fact, they might be mistaken for 
oversized houseflies, differing, to the layman’s eyes, in being 
brownish. It Is with a feeling of disappointment that a museum 
gazes for the first time at the innocuous-looking specimen labeled 
“tsetse fly.” 

Tlie eggs develop singly. A larva is carried in the body of the 
mother and is fed by special glands. When mature, it is placed on 
the ground in a shady spot close to a stream or wet place. Burrowing 
in, the larta pupates; the adult emerges in about thirty days. Both 
sexes are bloodsuckers. Many of titem cany the trypanosomes Uiat 
are die cause of African sleeping sickness, a disease that is usually 
fatal to man and animals alike. 


A Small Bui Dangerous Family. Tlie tamily is a very small one. 
only twenty-one species (all belonging to the genus Clossina). le 
species fall into three groups, each uking die name of the pnncipal 
species of that group. 

The fusca group, named after Clossina fusca. contains ten species. 
All of these play little part in the transmission of African sleeping 
sickness. 

The (laloaiis group, named after Glossiilo palpitlis, conuuns Bve 
species. The members of ihis groop are inslrumenlal m transmmmg 
Trfpamsoma gambUnse lo man. resulting in ihe Gambian sleeping 
sicknessi uitifome to sheep and goals; and vivax to calde and horses, 
causing the disease called souroa. . . 

The morsiloiu group, from Gfotrinn rnorsimiis, contains six species. 
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Thcie Bics imuniu to man Trypsnosoma Thodetiense, ihc cause of 
Rhodesian ileepicj siclncis; lo caule and horses, bnicei, the cause of 
tiagana, a faul diUase; to cattle and %*ild graien. apree, causing 
souma in caule; to swine, suis, causing a similar ritsrasr. 

PE.\COCK FLKS 

This small htmily (Trypeiidae) is interesting only because of the 
adult dies, which strut about wasing their wings bach and forth in a 
scry ihythmical manner. jUihough rather small, usually less than a 
quarter of an inch, many peacoch dies ate quite aitractisely marked. 
*nieir wings are marked with a \aricty of dark spots or ba nds , a 
feature which adds to their beauty as they goitly fan the wings to 
and fro. 


FLkT FULES-HARDLY fUES AT ALL 

This family (Hippoboscidae) and two other small families are grouped 
here at the end of the dies, because those who specialize in the study 
of Diptera reg ar d them as a suborder. As the result of their 

long parasitic Ide on the coverings of animalt, they have become so 
changed in structure and habits as u> make them seem not to be 
Diptera. 

Numbering about four hundred spcdcs. the Hippoboscidae are para- 
sitic upon birds and mafnrruU sometimes killing their hosts. They 
live in the feathers or fur. sucking the hosts' blood. Most of them are 
flattened and are thus able to slip through the animals' covering. 

The genus Olfmia ctmtains winged species which are usually 
found on hawks and owIl If ooe host dies or is killed, the files leave 
the body, fiying o3 in sctrdi of anr»fhj-T hno At timr , they may 
s ett le on almost any bird or 3niTr»^i tViai u near. 

A PERSISTENT PEST 

The anchor 2cas bid some o/ these dies sett/e on One in particu- 
lar was deter m i ned to seek sbclto’ on the author, and he was equally 
deter mine d to capture it for a specimen. It would get nnr*<T the collar 
or lapels his coat, under his hat or in his hair or clothing. Farh time 
it would settle, he would try to grab it, rally to have it slip through his 
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fingers and fly away. It would Uten seem to leave tlie scene, but no, 
ba^ it would come, and duck into some crevice. 

Time after time tlte fly would escape the author’s seardiing fingers. 
The chase lasted for fifteen minutes or more until success was finally 
achieved. 


A FLAT FLY WITHOUT WINGS 

If you wish to sec a wingless member of this family, any flock of 
sheep willyieldexamples. This is Afe/opfi<Jg«irovi»iui, commonly called 

the '‘sheep tick." Superficially, it docs look like a tick, but can at once 
be recognized by the presence of only three pairs of legs. The adults 
are dark brown, with a long proboscis. They measure about a fifth 
of an inch long. Wherever sheep have been taken, this pest has trav* 
eled along. It irritates the sheep with its blood sucking, and if enough 
of these insects are gathered they kill the animal. They also stain 
and soil the tvool, ilius reducing iu value. 


BAT TICKS 

With few exceptions, the members of the two families making up 
this group (Nycteribiidae and Streblidae) have no wings, although the 
halteres (the little knoblikc organs) are present and well developed. 
Almost all of tlicm live on bats, and that is how they come by tlicir 
name. 


The Fleas, Including the Jiggers 


Everyone has heard .bout fleas. Many a person has met 
them, either on hinuelf or on his pets. Yet we an hardly say that we 
know what they look like; all we see is a bouncing speck. 

Under a microscope, however, a flea sliows up as a most interest- 
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ingl y coimructrd imccL It i» comp»<t, vingicu, mually rcddlih brown, 
wiili ihort lorelcs* and middle leg* and \ery long hind legs, and the 
whole body is sparsely coseied with short, stii! hairs all pointing back- 
ward. 

Its flat sides enable the flea to slide easily through the hairs of its 
hou. Its backward-pointing spines or hairs also assist its forward prog- 
ress and hamper the host's ^oru to scratch it ouL The remarkable 
thing about fleas is their ability to jump. Like the leaf hoppers, grass- 
hoppers, and other hoppers of the insect world, fleas can jump many 
times tiscir own length. If man tocre endowed will) pioporucaate skill, 
he could easily leap one hundred yards. 

As we know only too well, adult are bloodsuckers. The difler- 
ent species tend to feed upon diflerent birds or in»minaU- Although 
they prefer a particular spedes of hou. many arc not averse to trying 
another if their fat ored brand of food is not coat enicntly near. On the 
other hand, they can live without food for a long time. 

Contrary to the common notion, the larvae are not bloodsuckers, 
but feed upon the scales of sUn and debris of plant or animal mauer 
that collects in homes, stores, or factories. Even the dust in the floor 
cracks contains enough ooutishment u> feed many hundreds of flea 
grubn These are small, white; winnnlike creatures, under an eighth of 
an inch in length, \\'hen grown, the larva pupates in a round. Bat. 
thin, silken cocoon. The eggs are white and barely visible on a black 
doth. They are dropped at random by the female, wherever she may 
happen to be at the time. (Fleas make up the mder SIphonaptem.) 

COMMON P2STS 

The Dog Flea, Clenouphclus canty, is the most common of our house- 
hold fleas. It is not partial to dogs alon^ but is equally at home upon 
cats, rabbits, and rats, and u not at all reluctaiu to try man as a 
dwelling place. Juu abcxit as abundant, the Cat Flea, CUnocephelus 
felis, also feeds on ratt, dogs, rats, anH man. 

Thc Human Flea, PuUx irrilans, is quite scarce in North America, 
but rather common in Europe and the rest of the Eastern Hemis- 
phere. It has never seemed able to adjust to .-VmeTican condi- 
tions of living Also chi^y mnftnwt to ihe Eastern Hemisphere are 
some eleven spedes of fleas that crarumit bubonic plague from rats 
to man. 
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Jiggers— Different Feeding Habits. One family of fleas bas feed- 
ing habits rather different from those of the fleas we have been con- 
sidering. The diigoe, or jigger, Dermatol>hilus penelram, originally 
from South America, is a typical species. The male feeds externally, 
but the female burrows into the flesh around tlic feet of domestic 
animals, birds, and man. Tliere it livcs.and deposits its eggs. It digs 
in under the toenails of ilie barefoot natives of the tropical countries, 
causing bad sores. This ji^er is not to be confused with tlie mite of 
the southern United States, which is also called a jigger- 
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The Tropical Hco Flea, Ediidmphagagdh^occa. 
is parasitical on birds. It is also called the •'sttckltgl.t Ilea because 
it clings so closely to its best. It is a serious pest on pool ty " " 

on wild birds in many patu of the world, ‘‘“"''"‘'’"'f 
sometimes seen adhering to the bare spots aroun . . 

comb, and wattles of domestic fowl. 




Ants, Bees, Wasps, and Their Relatives 


T iiE ANTS, bees, wasps, and their kind, order Hjmenoptcra 
("membrane wings"), are often confused with the Diptcra, or true 
flies. Each order wears tliin. membraneous wings with supporting 
veins. The Hymenoptcra, however, have two pairs of wings, while the 
Diptera hate but one pair. 

Very often you will have to observe a hymcnoptcroui insect care- 
fully before jou can be sure that it does have four wings. That is be- 
cause Uie second pair of wings is usually much smaller than the hnt 
pair. And. still more confusing, the second pair is normally closely 
hooked to the first pair by a series of minute hooks, called hamuli, 
along the front margin, whtcli engage with a fold on the rear edge of 
the forewings. This interesting structure for fastening the two wings 
together is visible only with the aid of a good lens, or under a micrO' 
scope. 

The commonest groups of the Hymenoptera, that is, the bees, the 
wasps (or hornets), and the ants, are very well known to most people 
for other distinctive characteristics, not the least of which are the very 
efficient stingers with which most of them are equipped. Some bees 
and many ants have no stingers, but ants frequendy have a good pair 
of jaws, which they know only too well how to use. 

Some Hymenoptera carry a most dangerous-looking weapon, appar- 
ently an enonnous stinger, sometimes three or four inches long. This 
instrument is not a stinger but a combination drill and ovipositor, 
which its owner, a female ichneumon By, will use to deposit her eggs 
under the bark of trees. 


A GREAT GROUR-125.000 SPECIES 

The Hymenoptera, with its issAxm described species, is now the 
second-largest order of insects, tt is exceeded ordy by the Coleop- 




ANTS, BEES, \VASPS, AND THEIR RELATIVES 19S7 


lera (beetles), which Itas 300,000 kno>m species. It lias been esii 
mated, moreover, that another » 25,000 Hymenoptera, mostly very 
small insects, have yet to be described. Like most other groups of in- 
sects, they reach tlieir highest development and numbers in tropical 
countries. About seven iliousand species inhabit North America. 

Since the Hymenoptera are divided into several poups called su- 
pcrfainilies, each superfamily composed of groups with fairly similar 
diaracterisiics, it is Uie superfamilies that we shall discuss, instea o 
families, except when the latter are unusually distinctive or Important, 


SAAVFLIES— THE FEMALE CARRIES A SAW 

The sawfUes differ from all oilier Hymenoptera in tliat ^cy have no 
marked consiricuon at die base of the abdomen where it joins vviidi 
the thorax. In otlier words. Uie sawflies are not '•wasp waisted. Ihe 
females may also be recognited by their "saws," two flattened, 
pointed, usually yellowish plates sliding between two other external 
plates, Uie "saw guides," on tlie underside, at the tip of Uie abdomen. 

This whole structure makes up the ovipositor, or egg-deposiimg ap- 
paratus. Some sawfly species have mucli larger ovipositors ^an others. 
With her ovipositor. Uie sawfly cuts an opening in the partitmlar p ani 
tissue she prefers for her young, and then inserts an egg. le p ace 
selected, depending upon the species, may be leaves, stems, ucc 
trunks, or Uielr branches. Some sawflies develop galls (enlaced plant 
growths) on leaves or stems, in which their larvae live and feed. 

The larvae of all sawflies are plant feeders, and many of them look 
like the caterpillars of butterflies and moths. They can usually be 
distinguished from caterpillars by the absence of abdominal legs, if 
Uicse are present, they do not liave the circles of hooks that we see 
on the abdominal legs of caterpillars. A sure difference. howevCT. is 
the presence of only one simple eye (ocellus) on cac si e o e 
head of Uie sawfly larva, whereas a caterpillar has several. Sawflies ar 
classed as a superfamily, Tenthredinoidca. 

The Elm Sawfly, Cimbex americana, is one of the common and lar^r 
species in the United States. The author would be inclined to call it 
the willow sawfly. for in his experience the larva is more commonly 
found feeding upon willow leaves than upon elm. But since ^re 
ronsidered more valuable than willows, insect experts have taken this 
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factor into consideration in applying a common name. The elm saw- 
lly also feeds upon poplar and linden, and perhaps occasionally on 
otlier trees. 

The fleshy, greenish-white larva o£ this insect always clings with 
the end of its body encircling a stem or twig. When ready to pupate, 
it spins a rough cocoon among old leaves. The large, shining adult is 
steel blue-black, dotted with several white spots on die side of its ab- 
domen, and lias smoke-colored wings two inches across. 

The Pigeon Tremex, Tremex cotumba, is one of a group of sawfiies 
commonly called ''homtails," because of the short, thick spine, or 
horn, at the end of the male bodies. 

The pigeon tremex is a large, blundering insect nearly two inches 
long. It has a large head on a very slender neck. Its glistening, 
purplish-red abdomen b banded with yellow. Its many-veined, smoky 
wings may spread as much as two and a half inches. The female has a 
conspicuous ovipositor through tvhich she inseru her eggs into the 
trunks of maple, elm. or other forest trees. 

You will never see the homtaiPs larvae unless you have the time 
and energy to dig them out of the trees, for Uiey bore into tlie wood, 
sometimes as mudi as several inches. 

CHALCID FUES-INCLUDING THE SMAIiEST OF INSECTS 
To mankind, the chakid flies (superfamily Chalddoidea) are just 
about the most important of all the iiuects. Not e\en the bees are 
more useful to us. For the cbalcid flics are parasites that kill a great 
many of the insecu that compete with us for our food supplies. They 
deposit their eggs in a great many plant-eating iiuects and insect 
larvae, from tomato worms and cabbage worms down to aphids and 
scale Insects. Tliey also parasitize ticks and spiders. 

Not all chalcid flies are parasitic: a few are seed eaters. One of 
these, the famous Blastophaga psetue, pollinates the Smyrna fig. 

Looking at some of the cbalcids, you will find it hard to believe that 
they wield so much power in the world of insects. The largest of them 
is scarcely an eighth of an inch loa^ and most are much smaller. 
There are chalcid flies that spend all their lives in the body of an 
aphid or a scale. ^Vhat is supposed ro be the smallest of all insects 
is the chalcid Alaptus magnanimus^ eight one-thousandths of an inch 
long. It is a parasite on book lice. 
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CYNIPID FLIES-THEY PREY ON WEEDS 

A big group of very small insects, tl»c cynipid flies (superfaniily Cjni- 
poidca) arc largely gall makers, especially on oak trees, although some 
breed in the galls formed by others, taking no part in the formation. 
Others arc parasitic on a variety of insects. 

In general, these flics arc beneficial to man, even some of those of 
them that are gall makers; for Uicy attack planu that in the human 
classification arc called weeds, sucli as goldenrod and sunflowers. 


THE “MAY BEETLE P^kRASITE” AND ITS KIN 

Almost all of the insects in the next group, supcrfaraily Scrphoidea, 
are parasitic. Most of tlicm arc very small, for many of them pass 
their entire life cycle in an egg of anotJjer insect. For this reason, 
few are ever seen except by a specialist studying Uiese small insects. 
There are still hundreds as yet unrecognized. 


Aq Insect That Lives on May Beetle Grobs. One rather larp speaei 
fascinating to observe is Pdeciutu polyluraior. Although n has never 
been given a common name, it might well be called Uie h * 

Parasite," for this curious insect lives on May beetle grubs. The e* 
male, who always seems to know where to find her prey, inserts er 
two-inch-long, very slender abdomen into the ground and lays an egg 
upon the grub. She is shining black, with a wingspread o on y one 
inch. You wonder how tliose small, transparent wings can transport 
this largish insect. , 

The male is entirely different, and for a long ttme was not known. 
It has the same black color and the ame transparent wings. Instead 
oi the long, slender body, however, it has a tonndisU abdomen, the 
first two segments of which arc short and slender, giving le msec a 
wasplike look. Only a few specimens of the male exist in the laigc 
insect collections of the United States. It is, therefore, ® * 

quite rare. Perhaps, we do not know just where to look for it. 


ICHNEUMON FLIES-HELPrOL OR HARMFUL? 

Man owes a greatdcaltothislargegroupofichneumon wasps. They 

work indirectly for us day after day by destroying other insects. Not 
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that Uicy arc intentionally beneficial to mankind. They simply like to 
eat the imccts that like to eat our food plants. Actually, the ichneu* 
mon flies destroy just as many useful insects as harmful ones: but 
they ser\e an extremely important function in preserving what we 
call the “balance of nature.** 

The group (supcrfamlly Icltneumonotdca) is so large and com* 
plex, with the species in many cases so closely resembling one an 
other, that it is possible to gi\e only a general idea of a few of the 
species. Perhaps tlie largest and most conspicuous spedes should be 
mentioned first. 

SOME OF THE LARGE ICHNEUMON'S 

A number of these belong to the genus Megarhysia, sometimes called 
Thalessa. You can recognize the female at once by the very long ovi- 
positor, which varies, according to the spedes, from two to four, or 



Eve, inches in length. They are parasitic upon wood boring larvae of 
the sawEies. and particularly the genus Tremex. ^Vith the long, slen- 
der osipositor, the female is able to penetrate solid wood to a depth 
everal inches and deposit an egg in the burrow of the Tremex 
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Extraordinary Wajs of the Female. Another remarkable thing about 
the female is Iier ability to locate the exact spot where she should 
bore. Perhaps she can hear llic sound the feeding T remex larva makes. 

When you are in a forest in the summer, you can easily observe 
the female exploring a tree trunk. Carefully, she examines a certain 
area, tapping gently with her antennae. Back and forth she moves, as 
she examines. Apparently saiisBcd, she firmly fastens the claws ofj'" 
feet in the bark, then, rearing her abdomen upward on her widely 
stretched legs, she places the lip of her ovipositor directly below the 
tip of her abdomen, witli the drill guides, one on eadi side, forming a 
tube through tvhich the ovipositor can work. 

The insect is unable, however, to elevate her abdomen to hold the 
entire ovipositor vertical. She, therefore, has developed an ingenious 
adaptation of her abdomen and Is able to retract the base of her ovi- 
positor tvithin the last two abdominal segments, whicli are quite meni- 
branous. More and more they stretch, as the ovipositor is curved 
within them, until they resemble a thin, transparent, fbitmed balloon. 

At about the time you expect the balloon to burst, the ins«t has 
the ovipositor in position and ready to drill. Slowly but stea i y, 
starts to pierce the wood, for at the tip are tiny teeth that saw the 


fiber apart. .. 

A Dangerous Operation. Woe betide the ichneumon u any- 

tiling disturbs her at her drilling, for she may not be able to wit raw 
the ovipositor, in whicli case it is torn away as the insect s«ks m 
escape. Even In the ordinary course of events, she is sometimes “"“O « 
to extract her ovipositor because of swelling of the woo , an s e 
either dies or breaks loose, leaving her ovipositor in the tree. 

Megarhyssa alrala is the largest species in this genus. It is blaa. 
with smoky wings. A few fine, yellow lines mark the thorax and the 


tip of the abdomen. , .. • 

Megarhyssa lunatar is nearly as large as alrata. ts ovijM 
twice Uie length of it. body. The body h very prettily maiked tv.lli 
lateral stripes of yellow, brown, and a grayish shade. 


A Careful Feeder. Ophion macrufum is a large icheumon fly, reddish 
in color, and possessing a very short ovipositor «arcely a « 

an inch long. The lepidopterist rearmg satumiid moths is 
sooner or later to have some of these parasitic wasps 
clierished cocoons. The Ophion larva feeds wiUun the caierpi . 
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ful not to i.iU it until Uic cocoon is finished. TJie Ophion then pushes 
the dead caterpillar aside and spins its own cocoon, a rough affair, In« 
side the originaL 


A FAAflLIAR ICHNEUMON 

Familiar signs oE an ichneumon parasite that many of us have seen 
are the tiny, white, silken cocoons of one of the Braconidae carried 
around on the backs of sphin^d caterpillars, especially on the tomato 
w'onn. Sometimes a gardener imagines that tficse cocoons are the eggs 
of the tomato worm, and carefully destroys them, thus killing insects 
that could do much more damage to tomato worms tiian he. 


THE BUSY, BUSY ANTS 

The word “ant" at once brings to mind the familiar wingless insea 
that gets into our picnic lunches or into our bouses. Ants of this type 
are the workers of the various spedes, foraging for what they may 
find to eat or to carry home to feed the rest of the colony. Few per* 
sons realize that In each ant nest there are three classes of society, or 
castes. The castes may have ses-eral forms. 

QUEENS, WORKERS. AND SOLDIERS 

Outstanding in any typical colony is the queen; she is not a ruler in 
any sense of the word, but is the mother, and frequently the founder, 
of the colony. She lays the eggs from which all the other ants deselop. 

Most of these eggi produce individuals known as svorkers. These 
workers axe imperfectly deseioped females, and their duties are in- 
numerable. They forage and bring home the supplies to feed the 
queen and the other members of the family. They care for the eggs 
and the }-oung. They enlarge the nest, dean it, and, if necessary, de- 
fend it. 

This last duty is. however, frequently shared with the soldier caste, 
in those coloirles that possess soldiers. The warrior caste usually dif- 
fers from the workers in having larger beads with formidable jaws. 
There may even be several forms of these soldiers, differing in the 
size of the bead and jaws. 
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THE MARRIAGE FLIGHT AND AFTERWARDS 


In nearly every nest at some time in the year iliere are winged 
individuab. These are generally of two sizes. The smaller are 
Uie males, die larger die perfect females. For some unexplainable rea- 
son. on a certain day, generally toward evening, all of the colonies of 
a certain species for miles around will drive out the v/inged in ivi U' 
ab. Tlicse will then try out their wings, for the first time, m a tre 


raendous swarm, or marriage flight. 

After mating, all drop to the ground. The mala, which tar oitln^. 
her the tcmalcj, quickly die or are eaten by birds or mammals. Tht 
temalcs, after mating, tear off dieir wings and crawl under cover, ana 
eventually seek a place to attempt to establish a new co ony. 

Consmicting a small chamber, a female will lay a few eggs, which 
she herself will tend, and will feed the young until a small nucleus of 
workers has developed. These workers dicn uke over die active duties 
of die nest. From this time on, the queen is simply an egg- aying ma 
chine. 


HOW TO KEEP AN ANT NEST 

You can keep a small colony of ants where you can watch 

make intriguing pets. The simplest form of nest may be a 

containing soil, aSd set in a pan of water. Into the 

colony of ants (it must have a queen to be success u ) is 

They will quickV build a nest to suit themselves, '^hile ^is » he 

easiest arrangement, it is not the best, as only a sma por 

actual nest can be seen. 

Two Kind, cf Ant Ne,!,. Two In*, <>' 

by man in order to raite and s.ndy ant life. The Janet 

ca,t plaster widi two or more shallow chambers wit n _„„ed 

ing wways molded in .he plaster. ” "or ^rt 

with glass and also an opaque cover to provide 

AamLrs .e„e for the new, and one is for fond. The food chamber 
is not darkened. . . 

Tl,e Fielde Ant Nest i. consoucted on the same ptmc.ple. hut to 
a sheet of glass tor ihe bottom. On this are cemented «"P 
for walb, forming chambers which are connected y pass S ' f • 
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menied on top of the glass strips are strips of coarse toweling; smaller 
sheets of glass, one to each chamber, test on the toweling, which 
makes an effective barrier. Each chamber has an extra opaque cover 
or a sheet of ambeKolored ^ass to exclude light. 

MANY RINDS OF .4NTS 

Although there are many spedes of ants, they ate all quite simd a r in 
body fonnarion. The ants arc as a superfamily (Fonnicoi* 

dca), one family, the Fonniddae. making up the entire superfamily. 
Tnwn Mistaken for Ams. A number of insects are confused with 
ants- The Isopicra, or termites, sometimes called “white ants,” are 
among these. Termites have habits and a social organization similar 
to those of ants, but are not at all like anu phpkally. It is remark- 
able that two such separate groups as ants and lemiues should have 
esolved along such parallel lines as are exhibited by their coloniiing or 
social habits. Some files, bees, and particularly the “Velvet Anu” (ac* 
tually >«'asp5) are also frequently mistaken for ants. 

A true ant on be quickly recognized by the one or two roundish 
enlaigemenu it has in the contracted pan of the abdomen. The fint 
enlargement or segment is called a petiole. If there is a second seg- 
ment, this is called the postpetiole. 

The Black Carpenter ,Vnt, Camponolus kercuUanus penns)h'anicus, 
is seldom noticed unless it has invaded our homes, where it makes a 
nuisance of itself by getting into food or calmly wandering about on 
the fioors and crawling on the kitchen sink. These insects are black, 
as their name indicates. The workers are three-eighths of an inch long, 
while the queens measure nearly one inch in length. The males are 
somewhat shorter. 

If the only nuisance they oommiued were to wander through our 
bouses and get into our food, we mi^t put up with them, but car- 
p>enteT ants like to establish their colonies in the timbers of our houses. 
They chew out the wood fiber, forming chambers in which they live 
and raise thrir young. An extensive colony may so weaken part of 
the structure as to cause it to collapse. Carpenter frequently take 
over where termites have died out. 

Black carpenter ants also frequently e^blish a colony in the heart 
of one of our favorite trees. To eradicate them without tilling the 
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tree is extremely diniculi. but can be accomplished by feeding them 
a poison mash. This is made by adding Paris green or arsenate of 
lead to a mixture of bran and molasses, with only enough water to 
make a thick paste. This poison mUturc is so placed that ihe ants wil 
find it and so that otlicr rreatuics cannot get at it. Tlie anis (inding it 
will carry enough of it home to feed die queen and poison the entire 
colony. 



Tht Htrculcan Ant of 

est species of tliis type in Europe. OUier p 
found in odier parts of the world. 
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The Black Honey Ant, Camponotus inflalus, is a closely related spe- 
cies. Ants of this type store honey for use during less bountiful times, 
and have a unique way of doing this. Volunteer workers, called re- 
plctes, engorge themselves until their abdomens arc greatly distended. 
They remain like ibis until relieved of their loads by tJic other ants 
when food is not so plentiful. 

In the southwestern United States and extending down into Cen- 
tral and South America, species of the genus Myrinecocystus also use 
repletes to store honey. Tltese repletes cling to the ceilings of their 
underground cliambcrs like miniature storage sats. Indians, as well 
as others in these regions, eagerly search out these nests to secure 
the swollen ants. Biting od the abdomen yields a sweet mouthful, 
as though one were eating delicious sweet grapes. 

SOME FA.MIL1AR ANTS 

The genus Formica contains many familiar spedes of ants. Although 
mudi smaller than the spedes of Camponotus, many of them are more 
formidable. 

The Sanguinary Ant, Formica sangumeo, also called the red ant, or 
red slave maker, constructs no mound but lo^es an old stump or log- 
it is only three-eighths of an inch long or less, but docs not hesitate 
to raid a colony of ants of much larger individuals and much greater 
numbers. Although it rvill attack Ibe nests of a number of species, its 
favorite victim is Formica fusca, whose pupae it loves to steal. Tliese 
are carried home by the raiden, and carefully raised so that eventu- 
ally they can take over a large share of the work in the nest. 

The Negro Ant, Formica /uses, has a great many subspecies and 
varieties, and is widely distributed throughout Europe and North 
America. It is a timid ant and constructs ^mall nests. 

The Common Red Ant, Formica rufa, also called hill ant, or horse 
ant, is also widely distributed in Europe and North America. It is 
easily recognired by the rather large mounds which it constructs. Open 
woods under tall trees are favorite locations. The pupae are gathered 
in large quantities, particularly in Europe, and when dried are sold 
in pet shops as the familiar "ant eggs" for bird and pet food. 
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The Allegheny Mound-building Ant. Formica exsecloides, is anoiliCT 
species that builds large nests. These may be four or five feet in dU 
ameier and two feet high. A single colony may occupy several mounds 
in the vicinity. Tlie mated queens cannot initiate a colony but get 
their start in a queenless or declining colony of Formica fusca sub- 
sericea. Exsecloides ranges from Southern New England and New Jer- 
sey westward into Ohio. It is most abundant in the Allegheny Moun- 
tains of Pennsylvania. 


THE DARK BROWN ANTS AND THE CORNFIELD ANT 

Lasius niger and Lasius flams are common species in Europe, where 
they are called dark-brown ants. Lasius niger is represented in North 
America by the subspecies Lasius niger americanus, the CornficI 
Ant. The cornfield ant is well known for iu care of colonics of root 
aphids. In die fall, the aphids are carefully placed along die roots 
of various grasses reached by means of tunnels. Here they remain 
throughout the winter and early spring. As soon as corn is plantc 
and sufltciendy started, die anu transfer the aphids to the com 
plants. 

All summer the aphids are tended for their secretions, or honeydew, 
which the anu collect at frequent intervals. 


THE DRIVER ANTS— MARCHERS OF THE TROPICS 

The genera Ecilon, of the Ametian tropics, and Corjfiu, of die Af- 
rican tropics, comprise the driver anis, i.liicli appear m adienlurc st.> 
ties as the ferocious anta ready to pursue and aitact us it »e don 
natch outl These tales are far trout true, aftlioug i it is a fact that the 
driver ants ate voracious and prey upon iusectr They i. lll 
mammals, or humans only if for some reason these creatute. 

‘t'‘'d“Jra^“'h“r„rnU,aud. ..hen no. on " 

ter in what is called a bivouac. When o" , f ’-3^/011 all sides- 

toough die jungle in long ^ harm 

n.eir foraging habit, ate ,, „,,iel, they march. 

UM. because tl.ey clean up die ara ^ ^ 

Tlie Indian, and od,ernal..« u These ^ple simply go out- 
forward to the appearance of uriver 
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side and let Uie insects swarm through their liomes, knowing that, 
when the ania lia%e passed, every other insect, cockroach, fly, and 
spider will also be gone. Tljcir only worry is iltat Uie colony might 
suddenly decide to bivouac for the night or longer in one of the houses, 
a situation not very pleasant for the occupants. 


CUTTERS OF LEAVES 

The Leaf-cutting, Parasol, or Fungus-growing Ants are interesting 
tropical species. They build underground nests, which in a pros- 
perous colony may be of considerable she. TTlie autitor has seen nests 
on the tributaries of the upper Amazon that honeycombed the ground 
for a diameter of thirty feet and to a depth of eight or nine feeu 

The workers of this group travel out from the nest, along trails 
measuring three or four hundred feet, to species of uccs wliich have 
leaves suitable for their use. Pieces of leaf of a size convenient ior 
them to carry are cut out and carried back to the nesL This they do 
by holding die piece of leaf in their jaws, the edge resting in a groove 
on the top of the bead. As they travel the trail homeward, each carries 
a piece of leaf which looks like a little parasol, which is why we call 
dtem parasol ants. To one seeing tliis for the first time, it is a strange 
and fiwinating sight 

So numerous are die Lndhiduals engaged at this leaf-cutting work 
that large trees can be stripped of their foliage in a single night. Often, 
when such numbers of ants follow the same trail, a path six or seven 
inches wide and several indies deep is w'om in the jungle floor. 

The leaves are carried home, not lor the ants to feed upon, but to 
make beds in which the spores of a certain kind of fungus will be 
planted and grown by the ants. It is this fungus upon whlclt the ants 
feed. 


ANTS THAT CAN SEIV 

Some species of the tropical genus Oecop/iylla can sewl They stitch 
leaves together to make their large nests in forest trees. For needles 
and thread, they use silk-spinning larv'ae. Holding the larvae in their 
jaw's, the ants work the larvae back and forth to pull the edges of die 
leaves together and to fasten them with the silk. 
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SOLITARY >VASPS 

The solitary wasps (superfamUy Sphecoidea). as their name indi- 
cates. live by themselves rather tlian in a colony. They dig a burrow 
in Uie ground, or construct cells of clay, or tunnel out a pithy stem. 
In Uiese burrows, they store living spiden or almost any kind of cat^er- 
pillar which they have paralyred by stinging. On their vicums. they 
lay tlieir eggs, thus insuring tliat their larvae tvill be we supp le 
with fresh food. 

The Giant acada-Killcr, Sphecius sp^ciosus is the largest wasp m tins 
§roup. It has to be large in order to capture a cicada and carry it to 
the burrow it has dug in advance. 


QIAN. C,CA.A.«.a.. 


lh« UmU uKiMt • tkada, 
lk« bi,n««. K*> asB k laid •• 
Wr. Wb (aad *bt« » 
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A beautiful imect dressed in shining black, (his wasp is patterned 
with yellow marks, and borne on flashing amber wings. It is not so 
beautiful to the impatient householder, however, when one, or more, 
of these wasps selects his recently established lawn as a suitable mc' 
dium in which to make its ihrce-quancr-incli-round burrows. Tlie 
large size and tlie coloring of tlicse wasps attract attention, and they 
are frequently brought into the autJior’s office by people who have 
never seen them before. 

There are a number of very pretty wasps in the genus Sphex. Many 
of Uiem are marked with red, and their waists arc long and very slen- 
der. They use caterpillars for the most pan to stock, their burrows. 

CJilozion ichneumonea is a large wasp, beautifully colored, vv'ilh a 
reddish abdomen, golden hair on its thorax, and amber wings. It is 
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frequently seen in tlie fall about the flowers of boncset and joc-pyc 
weed. 

Chttlybion caeruleum, an iridescent, steel-blue wasp, is one of our 
familiar mud daubers Utat are continually building tlieir clay nests 
under the eaves of our houses, and in attics whenever ilie windoni 
are left open. In ilie nests of caeruleum, die cells are piled one on top 
of die otlicr. 

Sceliphron cetneHlarius is another of our familiar mud daubers. 
It is a blackish wasp; the basal parts of die legs are yellowish. This 
wasp carefully arranges its cells in rows of about five to eight cells. 
The roivs are laid side by side, mating a flat mud nest. This and 
die preceding species collect spiders to stock tlieir nests. 

TYPICiVL WASPS. HORNETS, -VND THEIR RELATIVES 

The supcrfamily Vespoidea is a division of the Hymcnoptcni widt 
which most people have some acquainunce. Its members, wasps, lior* 
nets, and their kind, are usually called the socialH>mcnoptcra, be- 
cause most of them Uie in colonies or large families. A few of iliern 
are solitary, and none of dicm are genuinely socially meuned, 
especially if they feel that their personal actitities arc about to be tn- 
terfered with. They defend their rights in a vigorous way willi tlictr 
powerful stingers. Left to dieir own devices. Uicy will tend stric y 
to Uieir own business. 


VELVET ANTS— THEY ARE REALLY WASPS 

Tlie socallcd "vehet ams” are not ants at all, but brightly colors 
wasps. If you don't believe dm. just try picking one up. You will 
drop it in a hurry. . , - . 1 . 

The females arc wingless and densely cos cred wnh hair. Frequent y 
a bright-red color, banded widt black or white, and wiUi a vclicty 
sheen, they are attractive insects as you see them hurrying 01 cr a 
Mndy spot or other dry or desert locatioiu Some m the have 

Mhitc or yellow hair uhich may be long and slug^^ The males ate 
winged, and although brightly colored arc quite differently iiurlcd 
from their mates. They sport about, visiting the Hoi^cii on tunny 
diys. You can pick up a male without fear, for he cannot sung. 

Tlie velvet zms belong to du: family MutilHdae. numbeung over 
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three thousand species. They vary in sire from a tiny one. 
lillipuliana, which is about an eighth of an inch long, to ilie giant of 
tlic family. Dasymutilla occidentaHs, an inch or more in lengtli. This 
large species, occurring in the southeastern United States, is called the 
Cow-killer Ant. Although k is certainly a wicked stinger, its ability 
to kill a cow is doubtful. 

Velvet ants are invaders of the nests of bees, where dicy feed upon 
die larvae of the rightful owners. On die whole, the family is a de- 
lightful one to study as well as to collect. 

POTTER ^VASPS— THEY BUILD WITH CLAY 

The sculptors of the wasp world, diese wasps belong to the family 
Eumenidae. It is a large family, but few people are at all familiar 
with any of the species. Although all use clay in some way for the 
construction of Uieir nests, only a few can be said to be true artisans. 

The best of the potters is the eastern North American species, 
£umenes fratenia, which builds a perfect clay jug. About half an 
inch in diameter, spherical in shape, with a contracung neck and a 
flaring top, the litUe jug perches on the upper side of a twig or leaf. 

The w'asp does not leave the jug open, for any possible intruders, 
but fits a perfectly modeled day Hd on it. Several paralyzed, but still 
living, cankerwomu arc stored within the jug. Suspended by a silken 
thread over the supply of food is the tvasp egg, soon to hatch and 
feed upon the svonm, but held safely out of barm's way in case a 
worm should suddenly lash its body about. 

The Heath Potter, Eumenes coarctatus, builds its nest of three or 
four cells joined side by side on a twig. A great many of the family 
make use of hollow twigs or lubes, simply placing clay avails across 
the hollosv, nuking a continuous row of cells. The family is ^vidcly 
distributed throughout the world; the heath potter is a native of 
Europe. 


TARANTULA HAWKS AND THEIR RELATIVES 

Long-legged, slender, solitary wasps, black or dark blue in color, and 
frequently ringed with a bright-orange or red band, might belong to 
the family Psararaocharidae, in some books called the Pompilidae. 
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Psammocliares atrox is a common jpccici in ilic eastern Umiccl States. 
India claims the honor o£ having the smallest and ilie largest members 
of this genus yet known. They arc Psammochares mirandiis, less than 
a quarter of an incli long, and ilus, about one inch in Icng;tli. 



rOTT£« WASrS ARE SKIllEB ARIISANS wl i. IU 

T>.. polfr «o.p b»lW. - t-l. ^ *.‘P*~'* «"• 

pfelt<t |K« •gg. Poittf ««•?» ••• 

fr»h tTMI. *l«irl«9 •• Wk*'*'" 

All of .he oU.er ,p«k. of U.e r«cl‘.''a 

genus Pepifs. Tlicsc arc tire Tarantula Haw '5. inches Ptbiis 

length of two inches, with a wingspread of "“''f 
oWignentgora, an all blue insect, is the largest. A close P 
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pepsis formosa, blue with red wings. Both occur in tlie Southwest 
o£ the United Sutes, where the tarantula, their normal prey, is plen- 
tiful. The spiders are paralyzed by stinging, then stored in an under- 
ground burrow, where tlie wasp larvae feed upon ilicm. The only spe- 
cies in the East, elegans, is much smaller. It is generally blue, with 
orange tvings. 


PAPER-^fAIa^’C IVASPS 

The family V'espidae is well known, for it includes most of the social 
wasps. It contains tliree genera ivhich may be easily distinguished by 
the t)-pes of nests they build. They arc, Dolichovespula: nest above 
ground, suspended from trees or shrubs; Vespa: nest above ground, 
but in hollow trees, stumps, old buildings, or caves; and Vesputa: nest 
underground, occasionally in the base of stumps. 

The ^Vhlte-faced Hornet, Dolichovespula maculata, is the most famib 
iar member of the first group. It is the big, burly, black wasp, Vidth 
svhite body markings and a conspicuous whitish face, that builds its 
paper nest In our fasorile fruit uee or lilac bush. The well-knosvn 
paper-making s%*asp, it uses the wood fiber hum old weathered fences, 
buildings, or dead trees to comtrua its nest. The nest is started in 
the spring by a single queen and reaches its full size, usually larger 
than a football, by falL The entire colony, except for a number of 
young mated queens which will hibernate in old logs or other shelter, 
dies at the first severe frost. 

Somewhat similar species in Europe are silvestris and media; 
arenaria is not common in North America; while norwepca occurs in 
both Europe and North America. 

The Giant Hornet, Vespa crabro, is as large as, if not larger than, the 
tvhite-faced hornet. It is European, but was introduced into the 
United States sometime before 1854. for it was in that year that it 
tvas first discovered. The wasp has made itself right at home and is 
nosv reported from Nesv England to Maryland; it has even crossed 
the Appalachians into Ohio. The queens are frequently seen in the 
spring, investigating old stumps and for possible cavities in svhich 
to start a colony. 

There are half a dozen species of the genus Vespula in the United 
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Sutes. They are the familiar yellow jackets, and all of the species 
look pretty much alike. 

Although smaller than die other social wasps, these creatures make 
up what they lack in size by the viciousness of their sling and their 
seeming desire to use it. On the slightest disturbance of the everyday 



acuviuo o£ th. nc, ih. worker, .orje for^ lo do ^Ule or d 
the arrernpr. Tl.ere blaek.arrd.yelloer. un.rrv.red F‘“ ' 

garlrerin/makc iherrrrelve. obrro.iou. .. rbey f .P“‘' 
right to our jelly sairdrviclic. arrd treeet p.cklcr, fairly era g 
our mouths to steal a bite. in 

Their nest is enclosed in paper and alwa>^ ^ ci 

a mouse’s burrow, perhaps, or even in a slight lo 



-OOG ANTS. BEES. WASPS. AND THEIR RELATI\XS 


gm». Tlic author fuj, on a (ettf occasions, found a nest in a hollow 
stump and e\'cn between die walls of an old building (particularly 
where considerable debris had filtered douti between die walls), and 
in the sawdust-filled walls of an icehouse. The common North Ameri- 
can species arc Vespula pennsylvanica, maculifrons, and squ&moid. 
The European spedes is vulgaris. 

POUSTES WASPS 

One other important family of social wasps is Polisiidac, with several 
common species living in the United States. They arc largish wasps, 
about one indi long, reddish black or brown, with smoky wings. The 
combs or nests, without any endosing envelope of paper, arc hung 
by a short central stem, or, if very large, by several stems, in a 
comer of a building, under the caves, around windows, or may even 
be placed in the comer of a door frame. 

As is the case with most of the social wasps, the overwintering 
young queen starts the colony by building a few cells of the comb. In 
each cell, an egg is laid. The Hide grubs hatching from the eggs are 
fed by the queen until they pupate. Uhen the young wasps develop, 
they are the workers or smp^ea females and take over the work of 
the colony. 

Tire tw’o common spedes of dm family in the eastern United Sutes 
are Polistes annularis and pallipes; texanus and aurifer are two of the 
common western spedes. 


THE BEES 

THE BUMBLEBEES 

Familiar insects to all of us are the bumblebees, also called humble- 
bees or carder bees. Move people, however, think of them as the big, 
burly, yellow-and-black bees that visit our fiowcr gardens, dragging 
the blossoms groundward with the weight of their b^ies. 

Althou^ many bumblebees are as large as an inch or more, there 
axe some spedes Jess tJxan ibrer-eigbtiis of an inch k>ag. In a single 
colony, there is also a great variation in the size of the individuals, 
for besides the queen, which is the largest, there are the workers, 
which are small to medium in size, and the males, which fall betireen 
the workets and the queen in 
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As with the wasps, the colony is suricd by tlie young queen, svho 
has spent the winter season in a log, under debns. under brush, or 
in a sheltered comer. She staru her nest in a hollow m the ground 
or under a tuft of grass. Here she makes up a number of balls of 
pollen and nccUr in which the eggs arc laid. The bees from diesc e^s 
arc workers that notr take over the nest duties. Brood cc h "e buiU. 
and nectar and pollen are gathered to feed lltc hungry nt e 
From this modest beginning in spring, a nest occupying a o 

to twelve inches wide may develop by fall. 

The nesu «e nicely conaruaed. Tl,c hole ... ll.e ground a med 
wiUi bits of dry pUnu or arew. In ihe renter of iha, the nea pro^r 
ii looted. Unlike most of the sMal tvespr. the bumblebee, do not 
construct an envelope around their brood cells. 

Bumblebees, having longues mud. longer than Utose 
arc very useful for pollinlring blossoms tvitb lougcoro ^ * . _ 

and alfalfa are among these, and tvitliout bumblebees 
poaible tor these plants to seed, ^mver potvers par ml m ^ 
flowers like the columbine late the bumblebees, These flowea arc too 
iong-tubed for even the bumblebees to read., so l c 
behind and cut a slit ill the flower’s nectary, slea i ^ j 

out pollinlring the flower, instead of leamg a long-tongued moth 
the good deed. 


THE HONEYBEES 
The honeybee is undoubtedly one of man’s 

Having been aaoeialed with him animals. Only 

frequently regarded “ g iveeding, to change to 

recently, however, has man been ante, « b 
any great eatent the diameter of ^e tee. 

It is true Uiat man has long put the b 

responded by adapung very rejddy innumerable other 

vented, sudi as modem hivo, B„, ,e[, „ themselves, 

things to make beekeeping simpler an t,ollow tree and uncon- 

bees will as -^^y 'lese.. for centuries, 

cemedly continue the same We mey 

The honeybees belong to the A™ » P ^ ars’ ptiotily 
des is df is meili/era. (This used a few years 

over the name Jpis which w g 




Four Imponaut Honeybees. The German honeybee, ^vhidi had its ori- 
gin in central Europe, is blackish, very unfriendly, and little used 
now in the United States. The Italian honeybee, which originated in 
Italy, ranges from dark to golden in color, is gentle in temperament, 
and U now the most widely used in the United States. The Caucasian 
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honeybee, which originalcd in the Caucasus, is grayish, the gentlest 
in teniperaiuent, but little used in the United States. The Cainiolan 
honeybee, which originated in Austria, is gray with white bands, gen- 
tie, and very little used in the Untied States. 

Castes Amoug the Honeybees. Ule the bumblebees, die 
liave three castes in each colony. Tlie queen is a female and is *e 
mother ot the colony. She is dceloped from a ferlihrcd egg th ou^ 
being fed a special food knot™ as "royal jelly." The workm. of w udt 
there are a great number, frequently amounting to ty ° 
an active colony, are abortive, or neuter, fema es, eve ope 
ulized eggs, bul fed "bee bread," a mixture of pollen 
drones are sexual males, developed from unfcitibrcd eggs, y 

Unlike die bumblebee colony, die honeybee colony 
winter and may go on year after year, unless some 
trouble occurs. During the winter, a cluster oi bees d brood 

temperature in the center being kept sulTici.ndy ^"8^ “ ^ 

rearing is carried on in a very limited way 
winter The outer bees of diis cluster act as 
sianily changing places widi Uiose nearer the cen , 
coming chilled. 

How dte Houcybccs Swanu. Durmg the height of dm summm scasou 

queen cells arc built. Just before any o laYu- collection 

I emerge from Uteir cells, the old queen leaves 

of workers of various ages 

colony m a new location. This » caiiea ^ 6 r«milous. may 

queen to come out ot her cell, if die “^“’enw anning.^^me ol diese 

leave with another swarm. This IS called I, nHfiils of workers, 

aftetswarms may be so weak, Imviug only a few handfuls of 
as to be unable to estahliib » “‘““T ,,bcte no mote swarm- 

When the colony is reduced to a '» P° „m be 

iiig can be indulged in. die young q 

allowed to tear „u a rival queen. Vou yuurscll 

pants to death. Her stuig is used only o H 

can handle her, and she will never once ^ 

The worker, will kill a quccu “'nVnfe cr. no 

ini5 mass of bees; but will never use m«r 'ciy 
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her. They will use ihcir iiingen in csciy possible way to protea their 
colony. 

The Oriental Hive Bee, indica, is die largest of the honeybees. 
It reaches a lengUi of nearly tlircc-quartcri of an incli, and builds 
a single comb three to six feet long. This is fastened to die limb of 
a tree, a ledge of rock, or an old building. This bee occurs throughout 
India, Ceylon, and Malaysia. Distributed dirough the same area is 
the smallest bee, /ipis florae, measuring three-eighths of an inch or 
less. 


STINGLESS BEES 

To most people, sungs and bees arc aht'ays associated, but there are 
some bees that are stinglcss. Although they cannot sung, to many peo- 
ple dicy arc just as bothersome as the stingers. Ordinarily, they srill 
not bodicr anyone, but disturb their nest, and diey are out in num- 
bers. They get into your eyes, ears, and nose: diey crawl under your 
clothing, they crawl into your hair, digging widi dieir legs, and biting 
widi their mandibles. They love to nibble at tender places on your 
skin. 

There are about three hundred species of stinglcss bees ranging 
throughout the tropical and warmer paru of the world. In the /Ameri- 
cas, diey extend from central Mexico to southern Brazil and northern 
Argentina. Like their dose relatives, the honeybees, they are social 
insects, gather necur and pollen, and build combs; their combs, how- 
ever, are in horizontal layen, instead of vcnical. 

These creatures usually construct dicir nests in hollow trees, on 
rock ledges, old walls, or even among rocks on the ground, and in 
matted vines. The entrance is almost always a tube, hequently a num- 
ber of inches in length. 

The stinglcss bees (family Mcliponidac) arc much smaller than the 
honeybees. The largest is less than ibree-el^ihs of an inch, and the 
smallest is a liny creature, a triOe more dian one-twelfth of an inch. 
In some countries, the honey stored by these bees is gathered for 
use. Before the introduction of Ute European or German honeybee 
into the Americas, the Indians used this honey, and even went so far 
as to establish colonies of the bees in ar tificial hives. Attempts are 
being made to revive and caimmeroalize stingless bees as honey pro- 
ducers. 
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Explorers or olircrs should be careful in using such honey, for that 
made by some species is highly poisonous, Slinglcss bees arc not at 
all averse to gathering scCTCtions from other sources than the nectar 
of llotvcTS. The author has frequently seen these insects collcetcd by 
Uie dotens around the bodies of dead animals at well as oUier retuse. 


OTIlEll BEES 

There ate many other species of bees, belonging to a number of fam- 
ilies. (All make up a superfamily. A|>oidea,) Many of these b»= “• 
ttemely interesting habits. The Xyloeopidae, die ‘■“''V . 
ter Bees, loot like big. black bumblebees. The Mcgac iilida . 
dainty Leal-cutter Bees, usually green iu color, mate cells of pieces 
of leaves in the stems of pithy plants or other siiull ,. 

The test of the bees, belonging to many families, are ‘ 

tary in habit Eaclt has its own life bislory, sometimes a 
plex one. You will find it fascinating to study any one of them that 
you happen to notice. 
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AjrdwoJt 557-JJ9 
Abalone, iGgo-iToo 
1700 

blue, i6gg-i7M 
ted. 1699 

Abudeeft'Angut, 766 
Abert. s6i 
Aburria aburri, gSe 
Acanalonla bituiala, 1797* 
1798 

Acanlhlon, <51 
Aeanllioeephala, 1813 
Acanthosfraeion quad- 
neomij, lOsj 
Acantburidae, 1568 
Acanihutoidel. 1368 
AesntAuruj hepatut, S56S 
Acantophit antarelicus, 

. *J59 

Acaiini. 

Aedpiter, gCo-gCt 
Acapiter, g6o 
eooperi, 961 
geniiU,, 960 
nuuj, 964 
ilrioluf, g6l 
Accdpitiidae. 959 
Aeheronlia alrapot, >9>C 
Aetnenyx fubaiut, 595 
Acipraifr oxytliyncliut. 


■4U 


, M»5 


Aaoptemil 
I MO 

Aeronemum, »8ii 

JeryUium vaUuttHum, 994 
Aetiat luna, igji 
ttlene, tgjj 
Actitu ma^ana, lot^ 
Acusbi. s 64 -j 65 . 

Adaiia 1839 

Addsx. *®7 , 

Adder, IS59* »J*‘* 
iS<4- '5®5 
desib. 1359 , 

nigbu >J04- '5®5 
northern, i}^ 
puft ij6'. 

.4denota «ob« 800 

verdonii. 800 

AiUpbago, iBl« 

AdtUlanC. 95* 

Admiral, ted. 1910 
Aeehmophorvt oeaden- 
lalit. goi 

Aee/tmorhjnthuJ. iot$ 
Aneriidae. 154*, 
Aecotbelidaev 1069 
Aeolii pafnllou, 

Aepycetot tntlampus,Vii 
Aepyomu /non"****. *93 
Acpjornilhidae. 8JS 
Aet^podius arlaktanut. 


Acorn worm. re^3 
Acndal/ierer <ru<u, 1167 
Acru g»>Hui, MJ7 
,4cro&aret, 93 

Aeroanut ienglmanui. 




I, iW* 


albida, il 
ienuu, >(»o 
Afropavo eongeylt. 988 
Agolaiut pbonteat, tiso 
Agamldae. 1303 , 

Agapomu ratewoWt, io^6 
Agerbtidae, igS7 


Agelena, 1739 
tiaevla, J7S9 
.4g*ufrodon, 1366 
aevlut, 13*9 
bihneatut, J377 . 

eonitfirtx, tjOy «9*7' 
'S77 

eum'orur. 137* 
,4gl«rorrmu eetletlu, 

»e73 

Agonoaertu, 1848 

Agouti. SSS’SOS 
common. 363'3®4 . 
ihoti-iailed. S?4-S®5 
Agriotharu oetllata. M 
Ap^ioti macuIflUm. »7“ 
Aguarl-guMii. 433-434 
Al, 114 

AiluTOpoda, 489. 49> 

Ajlurw, 491 
lulgrnt. 49* , 

Air fern. lO;s-t®74 
Aix gflIencutaM, 948 
iponta, 94B 
Aial eje/a, 93S 
Alamiqui. GC-o; 

Alapiut mognammai, tgM 
Alauda arvtiuif, itt* 
AUudidae. m* 

Afeut luuiotuJ. .869 
nulanopt, 1BO9 
tnittechi. 1 8*9 

m/al'J. iSiS 
Albacote, 15*8. '59* 
Albatross. 898. 90&909 
bUefc Cooted, 909 
Lajun. ooQ 
thort-lailed, 909 
wandering. 907 

:01s 
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AlbiiioM, »ated, go9 
Albula vulfif4. i«j 
Alcedinidae, loSt 
.licet, 7S5 
Atddae, lojt 
Alcyoniuin earneunt, iG68 
AUfgaior. ii4S-»*47 
Arooica^. ><44-1147 
Chincte, 1144 
Alligator bug, >795-1*98 
Alligator gar, >43® 
Alligator tnappiog luitic, 
»*74-«*75 . . . 

AUigalor mwuiipiruu, 
>*44 

jinmjii. H44 
AlUgatotiilae. >«44 
AIIotrioCTitbl. 1506 
Alopex fegepui, 44* 
Alopiat vulpinil, l4>o 
Alota tepidtuima, >436 
Alpaca, 703 
AuophiU pomttana. 
«M5 

Aluon'i tnanoou. 38 
Aluau. i64->66 
, 4iumtu. >89* 

,4lTduf. >813 

Atypia aetamaeuUU, 1937 
Aiytes obtutrieant, >*>9 
Amatida«, 1933 
Amaiona, 1043, 1046 , 
Amblyecrypha oblongt- 
folia, 1768 

Amblroptidae, 1470, 1483 
AtnblyoTyiis, 1187 
m4rgr<gon'4r, 1188 
Amblyrbynehut niitatur, 
itgi 

Ambyitoma maculotum, 
‘*>3 

(tgnnum mtunotliciiin, 
H99 

Amnurtu nrbulorus, 1477 
Amio calva, 1430 
Amicula veitita, 1893 
Ammocoeta. 1406 
Ammodmtai elakei, 813 
Ammon, 851 
Ammoirflgtu Imriii, 853 
Amoeba. 1645, >646-1648 
Amoeba, 1646 
^•roteuj, 1648 
quarla, 1648 

tVTTUCOJO, 1648 
Amphibians. 870, iigi- 
HS8 

See Catciliani, Frog. 
Salamander. Tou 
Amphineura. >691, 1693 
Amphtprioa perculo, 

Amptmbaenidae, 1185 


Am^Aitrile ornala, iC88 
Amphltmta, 1198 
rnMna. 1194 
Anabaniidae. 1559 
Anabat tesii^'neui. 1580 
Anabiqttdac. 1485 
AnabUpt anabltpi, >491 
Anacanihini, ijoi 
AnacDiMia, ts*9-i350k 
«SS'->S3». '33* 
Anaihichadidae. 1585 
.4nai clypeala, 948 
ereeca, 948 
diteolor, 9|6 
pleljrhjnthos, 946 
Tubnpet, 947 
Anasa intiu. i8it 
Anatidae. 949 
Anax funiut, 17B7 
b-aZiinghain). 1787 
Anchovy. European. 1439 
raeiii^ 1439 
AnevU lulohurea, >695 
Andigena kypoglauctu, 
>098 

Antidee oentui, ■07 
{ugwbru, 1199, 1114 
Anemone, tea, >371. >573. 
1661. 1CC8. >6^1070 
brown. 1C69 

Angel fish. 1368 
vobwaicr, isig-iS.fi 
Aogler. 1834-1849 
deep-sea. 1633, 1639- 

Anglcwing, 1905. 1906- 
1907. 1908 

Anguilla anguiila. 1483 
Anguilbdae. 1481 
Anrais tcagila, 1186 
dnninui cornut^ 951 
Anhimidae, 93a 
Anbinga. 918-919 
Anhinga, 919 
onAiaga, 919 
Anhingwlae, 919 
AnbomTud^ 1978 
Ani, uiooifa-bUli^ 1030- 
>o5« 

Anibdae, 1336 
Amlius teylole, 1336 
Animalcules. 1643 
Aniscmien, 17&4 
Annelida, 16^ 1713 
Annelids, 1681, 168S-1691 
Anna, C^bes. 771 
Anole. Ameiicaa, 1183 
•193-1194. 1304. 
1307-1308 

Anoltt, ixgj, 1304. •507 
carolinenti*. 1183, 


Anomalopidae. 1508 
Anomaluridae. 301 
,4nO'ne/urui, 301 
Anoplepoma pmbrut, 1604 
Anoplura, >817 
Anoptichthyi jordani, 

1463 

Attotte, >904 
dno(om)r, 3>6 
Anoui minulus, load 
Anier anser, 943 
tjgnoidet, 943 
Anserifonnes, 938 
Ant. 1113-1114. i77S-*775' 
iBoi, >986, >991- 

<998 

Allegheny mounJ-buiU 
ing. >997 
anny. i««s-i>>4 
black carpenter, >994* 
•»5 

black honey. >998 
esminon red, 1^ 
cornfield, 1997 
dark brown, 1997 
driver, i997'«9^ . 

funguf-gtowing. 1998 
herculean, ol Europe, 

ms 

b)lJ, >996 
ho»6 >998 
leal-cutung, 1998 
Negro. >9^ 
pamol. 1998 
languinary, 1996 
velvet, >994, loot-iooa 
white, >773-1775. >991 
Ant “bear,’* 109 no 
Ant bird. ti>4-li>6 
white-faced. >>>3 
Ant cow (aphid). 1801- 
>803. 1997 
Ant Uon. >778-1779 
Ant nat, 

Helde. 1993 
Janet, rggy 
Ant piiu, >>05, >>>4- 
1115-1116 
New World, 1103 
undulated, >116 
Ant shrike, >ii4-it>6 
while-baned. ii>5 
white-winged fire-eye, 
ms 

Ant thrush. m4. 1M5- 
ut6 

Ant-wasp, >994. looi- 
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bailed, 45 
cmve-bcaked, three- 
toed. <7 

five-toed. *piny, *5-t7 
great, 109110 
uHljt. Ill 

Tatmaniin tplny. 17 
ihrce-tocd, iii-ii] 
(Ho-ioed, til 
Antelope, 786-799 
Atrican, 1650 
broad-homed. 795-796 
[oufbomed, 797 
goat. 814-838 
g«y. 80s 

haroeued. 790-791 
roan. 804-805 
toval, 7SG. 819 
uble, to3-8o4 
Tibetan, 617-818 
&( «lro Deo, Carelle. 
Coat antelope 
Antelope nt. 303. 330 
Antelope toulrrd. aSo 
Antcnnariloae. >634 
Anihonomua pandu, 1897 
fiotnorum, 1697 
Anihona, 1661. 1669 
Aiithuniu, 1864 
senphuletiae, 18C3 
vrtbaael. 1863 
Anihribidae, 1843. >896 
Anthui, 1131 
tampeUrh, 1131 
Aodgaoni, 1131 
ipTBguei, )133 
Antldorcaa inartupialii, 

a - 

Hniiloeapro americana, 

Aniilocapridae. 7C3 
Antilephia galrala, iio6- 

-(0''}*.°553 
.lotei, lOo, i6t 
Aoudad. B53-834 
Apari, ill 

Ape. 140. 175. 178-179> 
ior>-iu3 

Baibarr, 175. 178-179 
bUOt. iSo 
Cclel^ >&t 
Japanese. 179 

S*i also aumpanree. 
Gibbon, Gorilla, 
Oiangulan 

Aptild. 1^790, 1801-1803 
Aphididae. i8oi 


Aphil lion, i776-»77*. 
AphU moidi-railicia/ 1801 
Aphodiinac. 168a 


Apnouuiiac. loo* 
AphriiA virtau, io«8 
Aphrodite fiiulUry. ■ 


*906 

Apida^ X007 
A pa, tooS 
fioraf, toio 
indieo, ioi« 
mtlliltra, toarj 
1007 

Aplodtnatus gnanuaa, 
•55* 

Apladontia. 131 
Aplodontidaci 153 
Aplanis, 1169 
Apedttaut, 35a 
Apodea. 1481 
Apodidae. 1068 
Apodilomei. 1068 
Apogoaidae. iSS* 
Apoidea. ton 
Applcuee borer, oat- 
beaded. «871 . 
Apitaodyitt lorntn, 898 
Ap(er7gidae. 889 
Aqutia, 963 

<hf7J«rt« canadeaiU. 

Ara eMoropiafa. 1044 
Aracari. i«^io99 
estUred. 1099 
cutl-creucd, 

Araebnlda. i7»4. 'TJ® . 
Arachnotfiera 
Aradidae- 1809. 181# 
Aramidae. 

.4ramiU aalopatfus. tool 
Araneae. I7j8 
Arapoima gig«- 

,4rl>ae«i pone*-*'*- ‘*'9 
Archaeapiffy*. W9- ^ 

ArcAboWI* pa/meata 
lonh, liW . - . 

Arcltetaoic «a. 804. 871 
Atehcr 6»h. »5*®* '557* 
155* , , ,, 

Arthtlochoi attxani’at, 

JS*. i-T,- “IJ 

d«A»«»rri«». i8>5 

Arehiirvihb pnaetpt, 

.lrtA«*rgta profrdB- 
etph^us, 1519 
AHthM. 611 

Ardihlar, 1933 
^rcKKrphdw. 605 
Artloa^*. S*S 
Atdta riaereo- 9*7 
telUtb. 9*» 
Arn>d>afc9*8 _ 
oertdrtisala. 9** 


Ardeldae. 916 
.IrenoTia inlerpra, 1017 
Arenicola marina, 1688 
.Ireocenu /euiculalur, 

1896 

Argali. 851 
Panur. 851-851 
drgema. 1934 _ 

.Irgiope «uron/ia, 1741 

Argonaut, 1708-1709 
Argvnaala erga, 17W 
XffiUJia'iw argiu, 987 
Argyinii apbrodile, igoo 
eybele, igoO 
iJelia, 

Arilua CTUlaiui, 1817 
.Iriaona ctegaiu, iSl® 
AnnadiUo, io8, no- 
*‘8 

lalxy, iii-M* 
giant. Ill 
nlce-binded. Ii8- 

*i8 *'0 

diree-bandcd. it* 

Army ant. . 

Amy worm. i93*'‘9S9 
Ariamldae, iiy* 
Artbiopo^. ifilli '6*7* 
lyiSM'i 
Arti^rui. 117, 
uatroni. 1 ^8 
ArtJodaciyU, C89 
Ami. 833-834 
dfvlfa"«ntr. 34® 

Anieela, 3*> 

Aj?Ii^e.*i9C8 

diilur. 1969 

Aria pammaur. 1059 

AipiJioiia panitMia. 

1807 , 

Aitii 13"* 

Aaa. 658 661 , . 

Abiutnlan, C58 

Alncao. U»i 
Algerian. Ml 

MongoUao- Mt 

Nubian. C61 
Peziian. Mi 
Red So. Ml ,, 
SomaU. 658-659. 66'* 

SuiUn. Ml 
Tibeun. Ml 
AHniat faibni. 1678 
fulgaih. 1678 

AMnuidea, >673 

AJiianela Jana*. 10, a 

Aiirapia- i'** . 

tlephaaiar, >>°3 
AUrapacan iliUalat. 1530 

Ailxanax mtttfanut. 1470 
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jisl^loitemut Tobmtui, 

itzg 

Aryndeimui Icwii, 1095 
AteUi, |5S 
Atheriaidic, 2519 
Athens, i$6i 
Alhentrus, 354 
Altlax, 548 
Atraetaipis, 1361 
AtricMomis, tlti 
Atiichoniiliildae. iita 
Atn>pitl2e. 1833 
AlTopos ^Isaloria, 1S33 
Atroscopus gultatus, 1382 
A/laeui eltss. 1933 
ediTardsi, 1933 
Attagenus pieevs, 1863 
Auk, 897, 1031*1032 
gte2t. 1033-1034 
AuU^ Thinocaoa, 1032 
AulMarhynthus, imS 
Avlorhjnehus pauidus, 

1310 

Auloetomidie. 1516 
JvTtlia eurHa. 1G67 
Aunperu* p»it*ps, iMt 
mininitu, 1142 
Aurochi, 767-7^ 
,4uiorncrij io> 1932 
A22b!, 148 
Av'em. 187 
Atanbo. 187 
Aiocec, ioiS 
Amaiun. 1018-1019 
A*i» deer, 717-718 
,ixu oxu, 717 
A20I01I. 1x03 

A^e-xye, i>iO-»5* 

Ajthya affinis, 949 
menla, 949 
valisinena, 949 
Asemiops feat, 1385 

D 

Bxbikoio, 148-150 
Dabbler, iixo. 1138-1139 
ocelUted. 1120 
parrot-bil]. 1138 
Tufous-iented, iixo 
song babbler. 1138 
Babiroiusa. 6S3-886 
Babimssa babyrussa, 6S5 
Baboon. 181*187 
bamadryas. 183-165 
Back ivrimma. iSxx. 

18x5-18*5 
Badger. 518-524 
American. 5*o-5»J 
Caucasian. 520 

European. 520 
Japanese. 520 


Badger, land. 523 
Siberian. 520 
t)pial. 510 

i»45''9t6 


Ba^ 


310 

4*4 

DaUmueps sex, 933 
Balaoiidae, 42* 
Balaenopiera. 416 
Belamoptna aciUot^ 
xtral^ 417 
btntalis, 417 
physatiu, 415 
Balaerita pavonina, 1000 
Balaaus balanoides, 1726 
efrumeui. 1726 
glandiUa. 1726 
Untinnabutum. 1726 
Bald eagle, 969-970 
il&/cs<a/>Hs. 1624 
BalUtes Cdroiineiuis. 

1623 

Baltstidae. 1622 
BoiuxAil^erium. 670 
Bamboo bat. i*« 

Bamboo lat. 330-331. 373 
Aiiaiie. 330-351 
Pr"»"21iiiii conunoD. 

•i57*i>5S 
Bandicoot. 46-47 
eoaBioti. 47-48 
desert. 48 
long-ntned, 48 
orange-back^ 48 
pig-fooied. 47 
rabbit, 47 
rpiny. 47 

Ta im anian barred, 48 
wesiera barred. 48 
while- banded. 45 
Bandicoot xat. 338-539 

Bondtroia, 538 
BanLam. 990. 990^1 
Banting. 77$ 

Baiastngba. 722-723 
*«5 

Barbary ape. 175. 176-179 
BaibeL 1399. 1466 
Barbel, logo. 1092-1093 
blue-lhiMted. tt^i 
crimson-brcasied, 1092- 
1093 

tnany-cnlored. 1093 
Barbus barbus, 1466 

Barnacle. 1713. i7<4. 
•725-1726 

common. (725. 1726 
grape. 1726 
isory. 17:6 
purple. 1726 
Barracotita, 15B8 
Barracuda. 1519-1524 
•3*4-15*3 


Barracuda, great. 1520. 1524- 
15*5 

northern, 1523 
Pacin& 1525 
Bashful cat, 153-155 
Baulaicbia. 1911 

banded purple, 1911- 
1912 

red-spoited purple. 


Basslarchia, 1911 

oreAippux, 1911, igi2 
arlhemis, 1911 
aslyanat, 1911 
huUti, 1912 

Baiiliscut cil(4(ux, 1300 
Basilisk. 1287, 1300. isot 
Biuilono imperials, 1934 
Basketwonn, 1946 
Bast. 1399. is«6 
black. 1533 
channel. i55<*i5S3 
Urgexnouth black. >399, 
»53*-‘553- »5S5 
rock, 1535 
tea. I554'i555> ‘5S7 
tmallmoutb black. 

• SSb-iSSt 

tlriped. 1396, 139S, 
»5S6 -iS 37 
white, 1337 
Bauericyon, 489 
Bouerbeui. 482 
etiuiui, 48s 
Sat. 98-138 
Afrkan crested. 135 
bare-backed (ruil. 106 
big brown. 1x4 
bisffc tomb. 108-109 
bulldog, iio-iii 
butterfly. 121. ixx 
California mastiff. 13S 
axnivoroiu, iii 
Cyclops. ti3-it4 
dawn. 103 
dog-faced, 104 
false sampire. 111. n6 
fish-eating, 124-126 
Bat-faced fruit 117-118 
free-tailed. 132 133. ISI- 
135-136 
fruit. 117-118 
ghost. 109. 115 
great fal^ sampire. 


bamtner headed, lOG- 

lioary, isx. iso-isa 
bolJow-fac^ III 
horseshoe; iis-ii4 
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{ear-chinned. 117 
luile bamboo, lit 
liiile brohn, iii-it4 
iiule fruit, 118 
long eared, 115, ixi, itS* 
ijo 

long-ioneucd. 115 
Ijraie false vampire, iii 
masull, ijO 

Mexican long-nosed, iij 
mouse-eaied, lai-ltj 
naked, I35-'J6 
Old World, 103. 113- 
»4 

red, ita, 1x7-118 
rouicite, 104 
uc-winged, 108 
sheaih-taded, 108 
ihori-talled. 103 
idver-halxed, iii-il* 
illl-taced. III 
(araallesi)— lliUe bamboo, 

ipii^-hlnged. 106 
auckeifoocra, 103 
tomb. 108-109 
lube-n«ed, >03 
vampire, iit, iig-ito 
«bl(e. 109, 115 
yellow eared. 118 
yellew-halred fruit, 
107-108 

yellow-winged, iia-iis 
Dal faloon, 136 
Bat hawk, gCo 
Bat patrol. 1046 
Bat lick. 1983 
BatfUh. 1635 
Baihyergldae. 375 
Balocera, 1887 
Batrachoididae. 1631 
Batrachosipi, itei 
Beach flea, eoramoo, 1717 
mole, 17x7 
Beak-head, 1x47-1149 
Bear, 416. 458-478 
Alaikan brown, 47a 
American black, 463. 
464-467 

Andean black, 460, 47a 
Asiauc black, 463, 

- 4JI-47* 

b atk. 467-4G9, 471 
blue, 407.4G8 
brown. 4^.474 
CtowUier i, 474 
cinnamon, 467 
common black, 467-469 
Eurasian brown, 474 


Bear, glader, 487-46* 
grialy. 46*-47‘ 
honey. 474-475 
Island »hrt& 4*7 
Kamode'a, 467 
Kodiak. 458. 47* 
Manebunaa gniaiy. 474 
moon. 46s- 47''47* 
patriarchal. 47' 
peninsula gianl. 47* 
polar. 45B. 46a, 46s 
475-477 

Russian brown. 46t 
. Siberian brown. 474 
iloth. 477-47* 
tpeciaded, 47a 
sun. 474-475 
Syrian blown, 474 
teddy (koaU). 34*55 
Dear'* claw. 1707 
Beau-gicgory. 1569. «57®- 
•57* , a 

SeauhtTMtttus, logs 
Beaver, 494-300 
American. 199 
Eurasian, agg 
mountain. t3i-a53 
mouse, S7*’?7‘ . 

Oecard. roao-throaied. 


liio 

Bedbug. i8i8->*>9 
big, 1*18 , . 

Bedbug hunter, maskefl, 
1818 

Bee. 1986. aoo8-toii 
carder. ioo6-too7 
earpeoter, son 
honey, tooy-toio 

Oriental bi»e. toio 
•lingtess. aoio-aoii 
Bee butcher. 1781 
Bce-eacer. 1080. io84-><>65 
Bee By. igBS-'Q®? 

Bee louse. i97»-*97* 
Beetle. 175a. «839-**99 
ambrosia, >*99 

bark. 189* 
bean leal. i*4* 

Bess, 1879-'**"-. 
bladi carpet- '665. 
boiDbltdfcr, 1847. »*4* 
burying, i85*-i85S 
carpel, 1865 „ 

canion. 

chuiehyard. 1^76 
click. »866-«*67- •*X 

clover-Mcm borer. i86a 

1865 » . 

Colorado potato, tu**- 
itet . 

confused Bour, 1875- 
|87« 

cucumber, 1B9I 


Beetle, darkling. 1846, 1874- 
1876 

diving, 1849 
dung, i88a-i8S3 
elepbani. 1884-1885, 

18S6 

elm leaf. iSga 

engraver. 18^ 

fue. 1869-1870 

ilea. t8ga 

flour, 1875-1876 

fungus, 1840. 1861-1864 

Goliath. 1884 

great water scavenger. 

1849. 1851-1851 
handsome fungus, 1858 
harlequin. 18B8 
Hercules. 1840. 1S84* 
1885 

hiiler, 1856 
Tapaiiese, 1S83 
kangaroo. 189a 
lady. 1857-1860 
iawer, 1864 
leaf, 1858, >86*. 1890 
JisUimng. i87t'i874_^ 

long-homed. 1885-1889 

May. i88a-i883> >9*9 
meal, 1875 
Mexican bean, 1B59 
pincbing. i8?6-i877 
pleasing fungui. iSOo- 
1861 

potato, 1691. 189* . 
ted flour, i 8 ? 5->876 
rose. 1881-1883 
lose snout. 1897 
lose. 1853. i854-*855 

sap-feeding. 1855-1856 
Uiori winged scavenger, 

loipp^ing- 1867-1868 
inoul, 1893-1898 
squash, 1859 
itrawbetTT, 184a 
striped blister, iStx 
tiger, i84S-‘845 
toctoiie, 184a. 1893 
true snout. 1897-1898 
tumbling flower. 1870 
turnip. 189a 
whirligig. 1849- '850- 

wood-borer, 1868 
See fl/so IV’eevd 
Beira. Sig-Sso 
Somali. 819-810 
Beisa oryx. 807 
Bellbitd. no? 

wattled. 1109 
Delonidae. I 494 
Belatloma. iStS- i”* „ 
Belostomatldae. 1809, 1814 
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nduga (fish). 14*® 

Beluga (whale). 394-535 

{tenaeut, 16*5 
{Jerardivt, 39* 

BcToi eucumit, 167a 
forskJili, 1672 
ovata, 1671 
Berycoidei. 1508 

Dery*, 1508 

Beua. 1353 
Betta splendtns, 156* 
Bhanl. 841 
Caucasian. 84* 

Chinese, 833 
Himalayan, 84a 
Kansu. 833 
Bibindandy. 1943 
Bifios iTontalit. 77s 
gaunUj 774 

sauveii, 776 
sendnieus, 776 
Bighorn. 830 
Badlands. 830 
desert, 83a 

RodLj htouotain, 847* 
830 

Bigmouth buETalo fish. 

1437.1438 
Bilby. 47 

Bintiuong, 54«-54S 
Bird of paradise. 1180- 
1186 

blue, 1184 
gteais. 1163-1184 
Ktnj of Saiooy. 1183- 
u86 

MacCregor*s. 1185 
Fiiocas Stepbatue, 1183 
nbbon-tailed, iiSi 
sidJe-billed, slSi 
six-wued, 1185 
twcive-wued, 1185 
yeUow-watcled. ii8t 
Birds. 877-1188 
Bison. 779-788 
American, 779-784 
European. 784-786 
wood. 781-783 
Seealso BoSaks 
Bison biion, 779 
bonams, 784 
Bi(u caudalis, 1363 
|aboniea. 1361. 1363 
UehesU. 1361, 1363 
nodcemir, 1364 
Biuaddae. 1833 
BilUeomoTpha cLwipel, 
>957 

Biuetlmg, I4ei,i46a 
Bittern. M6, 930-931 
Cory's least. 931 

lean, 931 
sun. 1004 


Bitton, See eUe Heron 
Bivahes, lyoi.iTofi 
Black game. 998 
Bbdt mamba. t33i-<33r. 

‘S38-1357 

Black widow. 1741-1741 
Blackbird. 1137. 1130- 
115a 

Amoicao red-winged, 

CTOW, ii5i>ii3t 

Old World. 1137 
red-wulged. iisfrtifit 
BlacLbuck. 787. 810-8S1 
Blackcap. 1139 
Blackfisb. 1433 
Alaska. 1433 

Blackfiib (wbw). 405-407 
Black-fiy ihrip. 1831 
Slept mOTtitaga, 1676 
Blarina brevUauda, 8e 
Bloiioeenta duhoiomut, 
7S8 

Blatiaphaga ptenu, >988 
BfaCM arSntadit, 1760 
Bitfriefiagemutntce, 1760 
BlatUd^ 1759 
Blenniidae. s^ 
SUaaoideL #583 
Blaoy. 1584-13^ 
DUpharoitt eoriereus, 
1968 

Bleibok. 809 
Bla mole, 373 
naked. 374 

Blisrur fewoptenss. 1813 
Bloodworm. 1689 
fringed, S689 
red-Urcad. 1689 
ilender, s^ 
fmooUi. 1689 
Blowfisb. i6«s-i6ts 
B towBy. 1977. 19B0 
Blubba, i>a, i£^ 

Blue bulk 796-797 
Blue Bya. 61-63 
Bluebii^ SIS7, 1136 

fairy, iiay 
mountain. 1136 
BluebotU^ 1953, 1980- 
1981 

Bluefisb. S3X6, 1340-1541 
•nappCT. 1310 
Bluegill. 1534. 1535-1536 

Bluehead. s5B»is8i 
Bluntnose minnow. 1460- 
S46S 

Boa. ijaj. 1397-1318 
connricnw. 1330. 1351 
^ >S3S->394 
desert. 1335 
dog-cooelied. 1313 
ro»y. ssty 


Boa, rubber, >317, »333 
sand. 1317 
Boar, wild. 681 689 
See Wild boar 
Boatman, water. i8:5 
Boauwain bird. 913-913 
Bobac 172 
Bobcat. 565-567 
Bobolink. 1149. 1150 
BobMbic^ 983-985 
Bocacdo, 1501 
Bocaraca. 1375 
Bohor reedbuck, 8oi-6o3 
Boidae. 1317 
Boinae, 13x7 
Boleetoma nigrum, 1518 
Boll weeiil, cotton. 1897 
Bombycidae. 1943 
Bombyatlidae, 1170 
Bombyliidae. 1967 
Bambyliamyia abrupla, 
‘977 

Bombyliut major, 1967 
Bombyx mori, 1944 
Bonesa umbeUtsr, 99$ 
Bonefish. 1433, i434'i43S 
Bongo. 795'7^ 

Bomio, 1588 
Sooiebok. Sop 
Booby, 9>9'9it 
Powun. 910 
red-footed. 910 
See lira Gannet 
Boocerna curyeerur, 795 
Book louse; 18x8, 1833* 
1B54 

Boomer, 131-153 
Buooulsng. 1318, 1347 
African, 1318 
Borddae, 1835 
Borer, 1404-141^ 

dover-scem. i86»-i86s 
Bat-headed. 1871 
Bat-beaded apple-tree. 
1871 

peach-tree, 1949 
squash-vine, 1949 
wood. 1B68 
Boreus, 1833 


feruit, 1945 

Borapltryrte apogon, 1639 
Boninduki. 177 
Bot, 767 
gninment, 775 
tndirur, 771 

laurui pnmigeniut, 767 
unit, 768 

Boschvark. 686-687 
Boselaphut trsgocnineius. 
7Sd 

BotauTut Itntigtnosui. 
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>973-1976 
cattle, >974 
hon«. 19751974 
human, 1975-1976 
note, 1974 

ihOT, 1974-1975 

fioihiJac, 1613 
Bolhroin BiTox, 137a 
iunni, 1375 
iruu/aru, 1375 
lambtr^l. >375 
natuta, 1375 
nipoviridu, 1575 
numni/cr, 1375 
schepli, 1375 
BolUehcad (whale), 391- 


Dotllencoe (dolphin), 

40S 

Colticnote (whale), 39*- 
fieii a annuIsM, 

„ ‘S5O 
Itouio, 411 

Boddae, 767, 7S6, 814. 

*J 9 

BowerbUd, ti86-ii88 
Sardeoer, 1187 

S alden. 1187 
inford'*. 1 1 83 
utin, 1166-1187 
Downn, 1418-1431 
Bowbead (while). 414, 
4«.4<S-4<1 
Box turtle, 1150. 1153- 
tiGo 

common, 1151, 1135 
Florida, 1133, 1136 
ornate, 1153, 1158 
Briuhinut, 1848 
Bcachlop^, 871 
Drachiopoda, 1674 
Drachyltles, 171 
Bracoaidae. >991 
Btad}podidae, 114 
Btadypu), 114 
Drahtna, 990 
Brain-(evei bird, 1148 
Brtnia canadeniii. 944 
leucopsis, 943 
Braula coera, 1971 
Braulidae. 1971 
Brentldae, 1843, 1896 
BrentJiu, 1906 
btllena, 1906 
wiwiria, looC 
Brtpliidium cxilit, 1914 
Brevoorlia tyrannus, 143S 
Brill. European, 1613 
BllatleUll, 1751-1733 
Brittle itar, 1C78. iCSo 
Broadbill. tioi-1104 
Atrican. 1103 


III. black and red. 
1103 

common Altican, 1103 
^cen. 1103 
BreehymtnB, t6ii 
Urocket, 736-737 

n,B5a.”U 

Bniang. 474-175 
Diudeiifcar, AuMfaUan, 
1046 

BrioiosA, 1671-1674 
fern, 1673-1674 
hratine enauitlng. 1673 
uitery enaunliig. 1673 
Bubal. 808-809 

Aubofut bubalil, 768 
Bubo nuuimui, 1058 

idfpniBnux. 1057 

Bubufcui i 5 >«, 9*9 

Bucco iBptntu. 1091 
Buccofiidac. 1091 
Biutro$ hjdtocoTBX, loas 
thiitoeerel. 1088 
Buceroltdae. 1088 
Buck, oiarih. 769 
Butervui. low 
Budofca* taxkelBT, 834 
BuiCilo. 765-786 
AiUiie. 768-77* 
black. 776-777 
Borneo. 769 
Cipe. 7;6-7;7 
dwarf torsi. 779 
rbillppine p)gi»T- 77* 
plaini. 777-784 

Kf-S,,. 

wild, 768 
Set alto Diwa 
Duttalo fish. '455- *457 
blemoulh. i457-'«* 
Bulblo gn**- •96*-'9‘'S . 
BuBalo uee Iwpper. 179®- 

Bo/o,^i 9 - ***'^ '**“■ 
1137 . 

ehariui. •aa6 
cofamr'o, 11*0 

putulBiut, >1*5 
ouerciciu^ 1**4 
trrrtitns omencaaut, 

lerreittit lefTtark, 

1115 

Duronldic. Ill" 

Bugi. 1808-1816 
tiack and ted box el- 
der. 181s, 

bordered pUnl. >815 


Bugs, chinch. 1813-1814 
atrus mealy, 1803, 1804 
aerping water, iBll- 
iSai 

electric-light. 1813-1815 
flat, 1816 

four-lined leaf, 1816 
giant Hater, 1613-1815 
grast, 1813 

harlequin cabbage, 1811 
Humpiy-dumpiy. 1717 
kUiing. 1818 
bee. 1816-1817 
lightning. «S7l-i874 
May. 1881-1883 
mealy. 1803. 1804 
Negro. iSil 
old-cloths. 1818 
peanut, 1795-179* 
ted. i 74S-'746 
und, 1717 
ihleld, 1811-1811 
spittle, 1800-1801 
tquuh. i6>i-t8)3 
tadpole, 1717 
tarnished plant, 1815 
toad. iSii ^ 
toe bits. 1813-1815 
wheel. i6i7 
Bugule, >673 
lurrite. 187) 

Bulbul. Ui8-lit7 
Okinawa. U17 
Philippine, 1117 
South Africin, 1117 
yetlow-sinied. i<l7 
Bull. blue. 796-797 
BuU snike. l3*^ ‘54*- 

wotern. i34i->S4S 
Bulldog bat. uo-iu 

BulUr^. 1119-113* 

Amsican, iiig-ns* 
fouthern. 1131 
See oiro Frog 

Bullhead, 1605 

brown. i477->478 
Bumblebee. 1006-1007, 
ioo8 

Buphagas, 1169 
Duprntldae. 1841. 1870 
Burbot, 1305 
Burhinidae. ton 
fiurhinui birlnUul, ioi> 
Butt fish. 1G15 
Bush baby, «57-*58 
Bush pig. African, 686-M7 
Dushbuck. 790-791 
Buihmaster, 1367-137" 
Asiatic. 1368-1369 

Bush-lit. 114* 

Bushy gray bryoroan. 
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Smtud. 909. iooa-joo4 
great. ioo3'icio4 
Butcherbird. ii7S-i»74 
Austraiiao, 1175 
Butco, odt 
januMemis, ^Ct 
legopus, 964 
ItnMiuS, 963 
plaljbIfTUf, 963 
Buloriaer vircreou, 930 
Butter 6sh. 1590-1597 
Buttaflr. «75*. *8^19*3 
American copper, >915 
American tortoue tnell, 
1909 

banded purple. 1911. 
igit 

brinutone. 1919. I9» 
brurh-Iooied. 1903 
buckeje, igin-igii 
Cahloroia lortoue aheU. 

1909 

Compion tortoise theU. 
19C9 

cheehered sthite. 1919 
common blue, 1914-1915 
eomiDoa lulphur, igei 
conuBoa •htte, igig* 

1910 

copper, I9i4-I9t5 
dead-leaf, ini* 
dog-face lufphitf. 19*1 
eastsn tallM blue, 
1914-1915 

(alcaie orange Up, 19*0- 

1911 

four-footed. 1903 
glass-wingnf. 1913 
graj-seuied wUlc >9*0 
gra^liT^ 191a 
guU white. 19x0 
beiicoDian. 1904-1911 
Imported cabba^ 1919 
io. I93r-‘9SS 
lemon bird, 1911 
little sulphnr, 19x1- 


meadow brown, 1911 
milbweed, 1902-1904 
motuxeb, >902-1904 
mourning ckob. 190S- 

•909 

old-fasniooed cabbage, 

orange tip, 1919 
peatptk. 1905. 1910-1911 
pearly eye. igij 

pygmy. 1914 
queen. 1904 
tape. 1920 

red-spotted purple, 1911 
toutbern cabbage, 1919 


Buiurfiy, spring azure, 
1914-1915 

sulphur, 1919, '9S1 
rwallowiail, ipis-ipiB 
tbisilr. im-ipio 
tortoise sbcil. 1903, 1907- 
1909 

turnip. 1919 
zebra. >903 
See also Moth 
ButterSy fisb. 

fouteye, 1566 
Buiiwi quad. looy-iooS 
Buzzard. 96>VK> 970-974 
tufkey. 9;s 
See «i<o Vulture 


Cabbage nuggot. 1978 
Cat^j^o, ids 
Cccotue gnferittf. 1044 
Cachalot. 58s. 387-390 
Caeotnistle, 481-484 
CecfobfoiKs coctorum, 195s 
Caddis. 1833-1839 
CaeoliaiM, 1193 
Caguan. 95-97 
Cabow, Bemuda, 910-gii 
Cai. i«7 
Caianra. 167 
Caiman. 1144 
Ceirine motcboie, 948 
Calao, 10S8 
Calilonua 0)iDg bib, 
1499-1500 

Coiloear aihoni, 1180 
Cailicidae; I160 
Cellicebiu, 16s 
Colltdiyos, 1911, «92z 
Calfinertu sapiduf, 1719 
Calhphora, >980 
vomtlori^, 19S1 
Callitbriddae. 173 
C^lilhrix, I7J 
Catlorhmus alaiemas, 601 
Caflounia promelhee, 
>9*9 

ColloMiunu. zG6 
Caloenas nirober«co, 1039 
CaXopterpc me^ulaia, 1786 
Cofosomo rolidUQi, 1847 
servWor, 1846 
jyropAanta, 1848 
Biffroxi, 1847 
Coluroniyi. 36 
Calypte anna, (073 
heienae, S074 
CaljpUtmoena taridir, 

1103 

r-amsa- >67 
Cemboruf. 1716 
Cambrian period, Syr 


Camel. G9S-703 
Bactrian, 700 
dromedary, yoo-yoi 

mecheri. 700 . 
Caroelidae. 699 
Cumefur boctriunut, 700 
dromedattus, 701 
Cojnptphaga, ilsd 
Campephagidae. 1115 

CempepAi/ur prinapalls, 
1097 

Componotus in^atur, 1996 
herculeanus, 1995 
hercideanxiS penrujb'a- 
nieiir. 1994 
CampcoTkynchui, 950 
Cam^/ofAampAui irocA- 
lUroitris, itiS 
Canachitei tanaderuis, 

996 

Canary, 1161-iioz 
wild, 1161, ti6a 
Canary, sea (whale). 391' 
396 

Cericer borealii, 17*3 
irroroltu, 17*3 
Caae rat. 575'S74 
grater, 373 
Eeiser, 373 
Carudae, 23. 415 
Caeine. Set Dog 
Cenu, 439 
dingo. 437 
lefrenr. 435 
lapui, 42;. 435 

"■gee. 435 
ptilipet. 433 
Canter w o n n, 1943 
fall. 1943 
spring. 1945 
Canvatbadt. 940, 949 
Cape ben. gio 
Capelin. 1431-145* 
AtlanCic, >45<-r43* 
PadSc. 1451 
Capercaillie. 997 
Capita renUoloT, 1093 
Capiiooldae. 109s 
Capro, 840 

bezoeilica, 841 
caucaiica, 84s 
faleoneri. 845 
•• us. 841 


pyren 


I, 841 


ribirico. 841 
Capreolus, 751 
Cepticornu xumatraen- 
831 

CaprimuIguUe. 1061 

Capnmul^onnes. ic£ 
Caprimulgtis ettrolmus 
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CoodoT, Califcmk. 974 
Souib Amoicaa. 97** 
974 

Condjlura, 9$ 

ConepcliiS, 

Conger octsnuut, 1485 
Coniophenes imperulit, 
•W7 

ConnoehatUt gnou, 809 
Ccnolophus $iibctufa:us, 

Conopu exUiosa, 1919 
Conopoptugid^ lijo 
ConotTCeheSui nenuphar, 

>*97 , . 

C«nru« goliaOi, 1229 
ComuiaoT. 1427-1330, 
•SJ*-»S>4- »i44. 
>S46-»447 . 
Contannia pjraora, 

^ ‘9®* . 

Contoput Virens, iiii 
Conuropu earolatemis, 
1043 

Osen. 2S2-<SSi 470 
Old World. 

Coot, 951, i«oo 
Amnaa 1009 
bumbkb««. 931 
Ceiftilc, 

Ccpexna emeidi, 1435 
Copiopierja senirtmu, 
*934 

Coppabad, 130). ijOd. 

i5«7. *5n-‘j;9 
Copnnae, 1SI2 
Oxiuetre, fnlbtl. 1073 
Coratias gemJus, iob 6 
Canaidae, toeO 
Concuiomus, >o3o 
Coteana. 1126 
Cotegjpt, 974 
Coril, lOOi. iCC9'i67( 

Ma/t- iGSl 
(un^ui. i07> 


red. >603 
star, i670't67> 
stooy. >6€i« >6^-1671 
T^Iovish red. tO^iEC) 
Coral male. >323. 1343, 
* 5 i 7 ->S 5 S 
eastoo. >337 
Sonoran, >337-1338 
Coregonus riupea^ormss, 
>449 

Oxexiae. iSc^. i 3 ti 
Coritidae. >8^ >Sx6 
Conridae. iSo^ t3>3 
Coroioram. 9i3'9>S 
common 913. 91S 
CaUpagos. 91S 
Jzptaae. 915 


Cormorant. Poisrian. giO* 
9‘7 

Comet fisb. 1514. i3i0 
Corrodenrta. 183) 

Cotsae. 432 
Oinida^ 2176 
Corvus btechyrhytukoi. 


frupUgus, 1178 
Coryphaena hippurus, 

>SI1 

Coripbaensdac. 1344 
Carylhatxoidtr. 1034 
Corytheoia, s<^ 
Casanascera hercvles, 
*955 

Cotin^ 1107-iito 
cnmmna Cr2T« i**** 
gbou. ilo) 

Otu^idae^ >>09 

IGO) 

Couoa boll «ieo>l. <897 
Cotton Stainer, iBi4-i8t3 
Couanmootit. IS7^>S7T 
CottootaiJl 1)2. 2)0. 244- 
*43 

Couoef sole. iSod 
CMtiiS hairdi, lOit 
Coiitnuc eorwmt*. 9S4 
Coucal. ie)*'i«5S 
pbeasast. 1033 
C«>5»f. S7J-s;« 

Coorttf. 101^10*0 
Co*. 7^ 

ibe^ 8*4. C33-83S 
Conbtrd. Ii3t-il3) 
eastern. >132 
Cov£sb. 1G12. 1623- 
>6tS 

Covbsb <irba!e}. 391 
Cox-1 nhr aiu (wasp). 

Cownoac raj, 1414 
Cenrjie. sTon-tTOi 
Cajtne. 45»-437 
Corpo. S7n-)7i 
Crab. 1715, lysB-iTiS. 
^j»7'9-'7*5 

6ddkr. iTso-tTaa 
fresb-waier. 171S 

gbcBt. i7i)-s723 

green. 1724 
bm rwif 1722-1723 
borsesbo^ iTaj-ivsn 

Japasoe. 1716 
Jcoah. 1723 
Img. lyafi'jsa 
rock. 172s. >724 
scti-ibcarsL 1720 
spider, S723 
Crab fiousc. 183a 


Crab spuia. >744 
Crarwlae. 9S0 
Cnaiodae. 1173 
Creetieui, l>73 
Crego jeptemspinon 


Australian, soot 

oowned. ioo»>ooi 
uod-bCl. tooo 
wboopin^ 1000. >001 
CrappjA 15JJ 
Ctasoieomjs, 253 
Craxbsb. I7i&-i7*8 
Crox alectar, ^1 
Craj^Lth. 1718-17*3 
Creeper, 1117. 1*44 
brown, st^ 
boney. i*37-‘'58 
sbarp-tail^ >>*7 
«iU, i>44 , ^ 

See aUr Uotai heiea 
beodon. 8*7 . . 
Croaceou* period. eo& 
878. 879 
Cricetadae. 303 
Crieeiomjs, 340. >384 
Critetiu, 303. S>7 
rrieetur. 30). 3t7 
Critlei, 175*. >77tt-»77S 
bUdt. 1770 


European. 


tree. 1771 

Cricket bog, lajj-itsa 
Criootd, 871 
CrilwAfg. >673. >^o 

CrlM. 1G73 

Croala. 1526, >33>->SS2 
Atlantic. i33>->332 
Croce*. 1707 
Croodare, £4 
Crocodile. 1243 
Crocodile bud. >019 
Oocodiliaas. 124a. 1243 
See AUigaior. Crocodile 
Crocodnidae. >244 
C'ocula CToaila, 331 
Cio-Uagnoi man. 142 
Crocuitcr peppon,!, 1678 

CiouIaU. >162 


Cronoptengtasa. 1401. 
'4>9 

Croulalae. 1366 
Crotc'tti. 1323 1379. ij34 
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Crolaliu, adamanitus, 13B3 
tUrox. ijgj 
iosifuriu, ijS} 
cerastes, ijfii 
durissus, 13C8. 13S3 
durissus (rrri/iciu, 

>J8*. 1383 

auriuiu unicolor, 1382 
horridus, 13^8 
horridus alricauitus, 

13S3 

horridus horridus, 1383 
TuOer, 1384 
ruber lucasensis, >384 
Sltinegen, 1384 
trmficus, 1383 
viridii, 1381 

Crolapbylus collaris, 1300 
Crew. 1176-1178 
Aieerican. 1177 
cnmson-lmit, nog 
kinz, 1170 

^piping. 1175 

CiQW biadbird. M5I' 

1132 

Cnicilix 6th. l47S->477 
Crutruuni. I7>5'(7i7 
Crying bird, loei 
C()ptebr2uchtda«. 1203 
Ctypiobrcnehtst ai/rgan. 
{fiuii, iigS, 1204 
bUhoiil, 1204 
CryptopTotia, 549 
Iftex. 549 

Cirnlu eatilomica, >737 
Cttnoeephaius eanis, 1984 
Irlis, 1984 

Cienodaciylidae. 373 
Clenoni)idae, 373 
Ctenemyi, 375 
Cicnophora, 1661, >671 
Cuckoo, I047'I032 
American blau-billcd, 
1050 

American jellow-billed. 


ground, su5i-i03t 
hawk. 1049 
tcale-Ieaihered. 1050 

Karlet-eyebrowed, loj' 

Kjuirrel-lailcd, 1030 
MOlcl. 1049 
yellow-billed, 1049 
Cuckoo shrike, II25* 


Cuculilonncs, 1033 
Cuculus tanonss, 1049 
i/jarurroided. »049 
Cueumaria fronJosa, 1C8I 
CuUx larsahs, 1938 
Culicidae, 1937 
Cufieoides, tgto 
Culpco. 43> 

Cuntevliu. 3O5 
Cuo'i arpiRUt, 434 
Curassaw, 980-982 
tutl-crcMed. 981 
Curcubo. 1897 
pltioi, 1897 

Curcuiioniilae. 1843, »*97 
Curlew, btbile-lhighed, 

1015 

Currawong. 1175 
Ciitcut. 48-49 
ipoKeti. 49-50 
Cuafc. «30<k ‘50* 

Cusk-ecl. 1587 
CuiUefith. i 7 o 9-'7>® 
CuiworiD, igsd-ipSO 
Cuy. S5!)->6‘ 
rock. 360 

Cyanea eopillaU, 1007 
Cvanrrpe* <y«nru». «'S7 
Cyartoeriia cnsiesa. «»7» 
eoeruUsetns, 1179 
Cyeittus. 1848 
Cyctogra* <•««*' '35’’ 
Cyelarha. IM9 
Cyclopes, tit 
Ciclopt. •'3'**4 
Cy<lopierida& 1605 
clti^fcnu lumpus. l8n 

CicloMonk MOO 
Odnidae. 1809. i8it 
Cygoirt «l»or“>r 94* 
baceimitor. 940 
columbianus, 940 

Cymatwp* nasoM. *H9 

Cyutotogasser aggregolus. 

»577 

Cvrialopex, 45» 

Cytiipul fly- *9^ 

CrniPOidei, 1989 

Cynotepholas, 95 
Cynogotr, 54* 

Cynorrtys, *19 
ludovierorraS’ *78 

iwPWo. *554 

rfgalls, 2554 




Cyprinodonle*. 1484 
Cjprinodonlidae, 1483 
Cyprinu4 carpio, 14B2 
CypscluTUS cohlorrutus. 


Dab-chick, 905 

Dacele not’oegutneae. 

1081 

Daddy longlegr. I7S4-'7S5 

Domd dorrta, 7*® 

Daman, 649 O.10 
Damsel fly. lySS-'?®* 
common. 1788 
Danaidae. 1902 
Donaui berenUt, 1904. 

191* 

plexippvs, 1901 

Darner. 1787 

giant green. 17B7 
eieen. 1787 . 

Darning needle, 1783. »;8; 

deril*. *783 

Da/iet, 9 i 8-9I9- *5*7' 

1318 

Johaay, >5*8-1329 
Dajyaiir teolrurt, >4*7 
Ifasyceieus, 44 

root 

OetyptUis sctbtt, is>5 

Daypodidae. 218 
Oaryproettt, sOs-J®* 
Dasjproelidae. 563 

Paiy/'ua. 21B 
fioireineinciua, 1*8 
Daiyundae. 38 
DasyuToidcs, 43 
Ponurus, 4*'43 
PflufeenlO'*'®- *30 

Daubcntoniidae. 152 

Dawn hotre. 631 
Pawn man, 142 
Dayfly. 1780-1783 
PealFish, 1500 
Pebii porlJandia, 1913 
Deer, 7*<»-75» 

Andean. 737-738 
axis. 7'7-7'8 
balking. 7>5-7‘“ 
brow-antlered. 72* 
Chinev: river. 711 
Chincte water. 714. ^ 
ColiimbU black tailed. 
735-738 

dwarf wblie-lalled, 733 
eatiern hog. 7»8-7*9 
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Ufcr. lan-uiled. 7JI-733 

be^ 7«8-7*9 
iR^n fwanp. 7:2* 

7*5 

juoglMheep. 7«5 

minb, 735*759 
7®7’7‘® 
mul«. 734-735 
Diui. 711. ‘IS*?*! 
pamp^ 735-739 
PaooUa. 722 
Pere D2rid% 7»9-73‘ 
Peniaa led, 716 
red. 723-726 

nb-Iusd, 713-716 

nisine. 7i^l» 
ScfaombuT^'i, 721 
Suia. 733 
ioutfaeni mole. 733 
ipotted. 717'7 i 5 
spotted* ol East As^ 

ViJpiua. 7S‘*733 
wbite-uBed. 73‘'735 
Deer mouse. 30^310 
DeCtssa, 793 

ti»e*l 4 , i$t6 
Dtinptyt, it&4 
Delphi/u^erut, 394 
Ddpbinirtse. 399 
400 

deiphlt, 400 

IVsnoiseUe (enneV looo 
Demoiselk <6sb), 1369- 
‘574 

Dendratlunu pt/mt, 572 
Dendroetpit anguitUrpt, 
•S3». ‘356 
Doidnteta. 1233 
Desvlfobaiidae, 1233 
DeKin<S>l2ptidac, ttiS 
Dendronpot villasvt, 

1094 

DtndrohyrtJt, 630 
Dmdrmea eeStn, 1133 
Dendnlcgut, C3 
Dendtomjt, 342 
Oendrmotta {Tondaiut, 

169s 

Di-nlsiiuns rntele. >691 
pseliasum, 1694 
Dermaptn. 17^ >737 
JJfrm^otU homiais. 1975 
Permai^philuj penetTons, 
•745- »98i 
Orrmestes, >464 
udMt^niu, 1S&4 
Urdanui, iS54 
tWpinuf. 18&4 
PonMCU lilac. 1841. 1863 
DeTm^)chtlJS eoriacea, 
1242. 1277. 1279 


DermoseKj* pu^tiu, 1494 
Dermopien. 97 
l>cs£oafi. 56-85 
Russian, 57-65 
Spaiusl^ £5 
DtittioM, £7 
mosefldt^ 87 

pjTenaUt. 67 

DesiDOdontiita^ 119 
Dtimodut, 119 
Ztameptaihut tcrightt, 

1202 

D«U nf. MtS-UtS 
DeriP* oMch bc^. 1653 
Devii'2 daning-oeedl^ 
•7*3 

DcToniaa pCTiod. 5;t» 
Dbolc 434-436 
dacrisM itrptuta, 1933 
t-ufpinena, <936 
Diamoc^ bird. Australian. 
»M3 

Oiamoodbaefc ratucr. 

1351. >363. >354 

Di«p5<T»o»<»« ftmtnala, 

•763 

Dutryms. tao6 
DtatryBU itrini, ioc6 
Dibataz, 623 
Dkaeiaaf. 2143 
^ere«'dA«neaM, 1672 
OieftofUma ewna/reruii. 


9*9 

Xlicbdiirur. 109 
Durtationyx, 527 
Oiouriilae, 1170 
Dicraodoo. 8C9 
Dxdtlp}^, 31 
iirpniena. 3» 
Didinium. 1633 
ndfiilun, 163$ 

Oiduf borbomrus, 1039 
lltcptus, 1030 
Ditdik, 819 
Dlmetrodoe. 669 
DinsOk 4n-43* 
DiaeraiUuda^ 859 
Di n o m r. 861-662. S64. 
863-86^ 1241V 
1141. 124S, 1282 
Diodon hyitriM, 1629 
PiodontidJ& 1623 
Diomedf albxinu, 909 
cAiurorbyncAoe, 909 
extiZcfx^ 906 
■vsmiiUbita, 909 
n>^6^ 9C9 
DjcnaCQBdae, 906 
Diptoaulos. 

Oiplopeda. 2714. 1746 


Diplotts trUiei, 196s 
Diptoreiiebroa. 8;o 
Dipodi d ae; 34S 
TTipodomji. 291 
Dipper, 11SO-H3* 

Diptera. 1953 
Disaxxpbali. 1620 
DucDglossidae. 1233 
Diicoiema, 1572 
Dtspholidus tjput, 132s, 

Disso^jfa caroling 1766 
Dita. great oonbem. 

902 

Doaor fisb. 1367. 155s 
Dodo, 1034, I039-IO10 
tUunion, 1039 
true, 1039 

^^^j^alian wild, 437'455 
bush. 454 

Dog. hooey (marten). 
Dog, orange (catepBla^ 


Deg-day harretf >794 

Dogfish. 1338 
sBooth. I4ii-t4>*> 

DeUe^onye orysaorut, 
1149 

DoheAotir, 3S0 

Doluhoe^pvlt «ren«n«, 

meeiJata, 2004 
medU, 2004 
nonregice, 2004 
oUxitTit, 2004 

D^lu, ta^ 1679-1680. 

>7*9 

DoUar^rd. 10S6 

Dolphin (fish), 1326, 

Dolphin (whale), S 9 *‘ 4 " 
Ajna2Da Rirer. 4 >> 
M.ft and white. 4°9 
boule-oosed. 400. 408 
Commcisoo's, 4 ^ 
commMi, 400-401 
£rah-water, 4 ^ 4 >' 
Gangs RirS’. 4 >o 
Irtawaddf, 409 
La Plata. 411 
RiBo's. 405 
river. 409.411 
ibunt. 409 
ipotifd, 40S 
while. 407-405 
wfalte-boi^ 
whiie-Bag, 410 
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Dolphin, white-tided, 409 
DoDidioae, 1890 
Donkey, 658-081 
Donkey, wild, C6i-06t 
Airican, C61 
Algeriui, CCl 
Mongolian, 6G1 
Nubian, C61 
Peruan, COi 
Red Sea, CCl 
Somali, OOi-OOt 
Sudan, C61 
Tibetan, 06* 

Dorado, 1516, 1544-1546 
Dormouse, 348-345 
European, 345 
hazel, 345 
'«k, 345 
Doryfiu, iggy 
Done, 151 

Douroucculi, i6o-i6t 
Dove. 1034-1039 
Dvlt. 1038-1039 


mouroii^, 1037 
reck, 1039 
turtle, 1037 
Stt alto Pigeon 
Dovekie, 1054 
Dreeo, 1*83 
tpllepterus, 1305 
volans, 1903, 1304 
Dragon, Qiuieie, 1189- 
„ ‘*98 

“ytns- ‘SOS-'SO? 

Mmodo giant, 1181, 
1*84. 1188-1189, 

,, >S'5-I8‘7 
Dragon liiard. 1183, 

_ >S03->S‘i> 

Dragonlly. 1783-1788 
aisber-wing. 1788 
skimmer, 1787 
ten-spot, 1787 
Drill, 188-187 
Dromadidae. loii 
Dromaeidae, 891 
Dromaeuj novoeholfan- 
diae, 891 

Dramas arJeola, 1011 
Dromedary. 700-701 
Drongo, 1169-1170 
Drum. 1516. 1551-1554 

hla^ 1555-1554 

(lesnwaicr, 155* 
Dtum&s^ common. 1553* 
„ ‘554 

Dryocopus pifealua, 1096 


Duck, black, 947 
bUck-headed. 951 
broad-biU. 94^47 
Chineae maodann. 948 
(labbUng. 946 
eider, 950 

harlequin. ^«-95t 

Labrador. 95® 

Mutcovy. 9I7* 94® 
old granny. 949 
redhead. 948 

ruddy, 931 
wood. 948 
Duck hawk, 950 
DuckWU platypui, *5« 

17-19 

Dugong, 4**. 6»»-«*5 
Dogong dugon, 614 
Dugongidae. C13 
Duiker. 798-799 
bush, 798-799 
conuuon. 798-799 
lebri. 799 „ 

Duikerbok. 798-799 
Dufur, *17* 

Duffiba. 845 
Dumeulla caw'iw** 

11*9 

Dwic;e» 45* 

Dynuut, 184* 
hrreuUs. 1884 
Ul)iu, 1884 
Dynaatinae. 1884 
Dynomya, 385 
Oijdercua, 1815 
suturttttis. 1815 „ 
Dyiiacidae. 1841. '849 
Dyritcua, 1850 

C 

Eagle. 95J- 96y97® ^ 

African aowned. 968 
Aioerlcjn. pSg-jT" 

^Jd^M- 

BT'Si..ed.9C9 

inarDaL 96* 

Mexicali. 95®-959 
nwmkey-callng. ^ 
ornate h»"'8*- 9®9g,, 
Krpent. 955- 9®7-96» 
Sielier'a xa. 97® 
whHc-taaed tea. 97® 
Easle owl, IAS®. .„i.„ 

Eailh-CT«ep*^' Patagonia , 

LaitbwOTO, 1687-1888, 
•7‘3 . , 

Earwig, I7 s 6-*75» 

; Ecbeneidae. 1610 

lUhcntis runseratrs, lOi® 


Echidna, *5-17 
£chi(fnop/iflga galiinacea, 
1985 

Echimyidae, 371 
S7‘ 

Zthinaraehrtius parma, 

1O79 

Echlnodcrmt. 1674-1681 
Echinoidea, 1675, lO/S 
Cthinapracla, 358 
Echit carinatus, 1301 
EcJtofi. 1997 

Ectoganui, 868 
Eclopistes mipatorlus, 
1036 

Edentaiet, to8-M3 
Eel. 1194. ”98. „ 

1399' M55-‘456. I47J- 
1475, 1481-1484 „ 
Amerfcan, 1481-1483 
conger. «48«< «48S-*484 
Congo, 1194- “98. 
isoi 

eutk*. »687 
deeirfc, MSS-MS®* 
«47S*MJi . 
European, 148S , 

gymneiid. i455-'458- 
M73'>475- »48» 
koiiehtb. 148* 

&^‘d. .48* 

U05. 148* 

‘win’ 

ir^tTraocbid. 148* 

Eelpout. American, 15«S- 
Eft. 

Egret. 917- 

cattle. 919 
common, 9*8 
Madagatcar black. 919 
tedduh. 918 

snowy. 918 
Eider. 95® 

Eidolon, 107 
£ira. 514 
Eland. 79S-795 
common, 794-795 
Daby'f. 795 
ffiani, 788' 795 
Elanoidts lorficatus. 959 
£/anur leurvrw, 9®®. 
Etaphe obsoUla, iM® 
trraipu mfcrmeaia. 

’ '548 . 

Elsphurui dnidtanus. 
7«9 

tlapidae. 135®. 

Elater. 1866-1867 
eyed. i86« 
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EUtcridag. lB(t. iE06 
Elgcuic cait^ 10^*479 
Elttlnc ecL 
M7J-M75 

Elgoric Eih. IS9J. 1415- 
1416 

Elttinc mcgapid. 1473 
Eltttnc raf. 1413-1416 
Efacmc sui^azgr. iS3> 

ETctlnc torpgiSo, 141s- 

1416 

EieCptndas. 13^ 
CiaUophonit tlttitmi, 
•475 

EJcoia, 1E76 
liejiaia. Haniisa. 1134 
EIgpha.nl. 6&E-643 
.Airican. 636-6^ 

■Arianc. 6j5, 641-^x. 

6*3. 647-64* 
biuh. &J6-633 
foccn. 613.&40 
iiwr-tus^d. 6^ 

Indus. 641^^ 643. 

647-646 

EJcpbast {jgole. lU*' 
xtty tSM 
Elgpfaa&( Mtd. fs3 
£tepluA4 teal «i^4x( 
wathOTk. 6sD-6it 
deefaui ibrew. 

cbtalsfal. 76 
Ogphasi «uk ibcTTv 16^ 
EUpKas fsaumiu, 641 
ETk. 7*6^9 
Eiirepeui. 759 
dohsus, 3S9 
Embc/Zosurs, io3 
EmbaHocnTVae. icS 
Embkpucitiae, 1377 
Emmla taSfKiUa, 17T7 
Emo. SS3. ^1-6^ 
Eodomtcfaid^ 1B4I. i6£i 

Er.S^aahi mfrgiHf fcfJul, 

»4» 

ra^iMx, >433 
EcjTzrgr brwie. 1S9S 
Enkyitra, 331 
£aM2isj oeksehciuH, 

Enalera rr^fera, 1073 
£iil«Bt6<6« celi, 1543 
hiiloljtua, >648 
E^aiiropvs. 14a 
7 cxmr penfd, £31. ESj. 

Hr,. 131V >3:6 
Zohtf-jmi, G31 
Ephosoida. 

Ephrppidae. ijss 

EpwocAna hetca, 17S; 

tfHethaa, 1859 

boftaht. 1839 


EpilaAtt* tOWTufto, <$39 
l«rneUnj, 1S39 
rpilathnidae. 1639 
fptnisgAu. 1181 
BJgJgTt, iiSz 

Epi'iephtlut UriaitH, 133I 
Epiaueus, 1Z4 
Eqiialae. 638 
Equus &i<a(u wntiittn, 
661 

pnraaJjJui, ^7 
£raz. 

ENthiaan, 334 

Entbuonulae, 339 

CtttnuxKfljt 

»*79 

Erie^njS fe-U, xl<A 
£ngnclA>u katbaiua. 618 
Enufas tanifrr, 1604 
Encjtfodae, 74 
Ermaerua 73 

EniseUs (giMz, >973 
Ef ialn e. 423 4^ 
EfCioUlac lifi, t66t 
£oCArae<8ui; 190 

£0<Arv/«. tiC6 

tavat rttunitctlrit, 

l«u 

£*ourp>o>i. i3st.i3ai 
E(g3ucaB. ijoi-ijcft 
F.sjddx. 1431 
£*n Ittciut, H3Z 

*656 

Eaipnotf cfrega, 1935 
EKnIdflUc; 1166 

£usrclc^ 4<| , 4$3 
4S7 

467 

«g”’^dg», 467 

Eilbe l a f Tia. ^x^ 

EueUoi fenaXU. (920 
Cuehorettifs. sjs 
Euihtvr^ gi^anUm, i&7» 

EvtUm <hIoni. 1948 

Eucieidat 1947 

nbra, oji 

E^jptaxi auMOT, goo 
Eoflrna^ ,6^^ 

<«ridu. 164^ (%(» 
Eultten.ata^ ,Bo£ 

Oigrolamatora. iio6 
iVlfi 

tahfa’erae, fSa9 
Ekmgrg*. ,j,a 
fasnatai 1318 

131* 

Eiieignga gcuretal^ 


Eumttopiex pab^l*, 637 
Etanopi. 136 
Zufutta murint, 1329 
EuphffiiU. 1139 
xiota gcf x n . <139 
EufieeieliA, 1660 
EupUrts, 544 

£bponaggn<nu Ig?4gat4if- 
Ey pTOCtit \hrftcrrThoc*, 

>94> 

EupT<ueTptnua phaeSca, 

Eaipultx mtayia, >893. 
iSjs _ 

Eyrjces ^uungzia, itoi 
EuryKctct. 1174 
Euj^laiTTiiiiig. >>03 
EMTfOpiiialBus raaioe- 
tus, i«i3 

Eaifjprlno caiilornixK^ 

»75* 

EuTjpjS* helaai. IC04 
Uirxpi^-Sae. «“a4 
£vrya«n>i$ crienUM, 
iwd 

Eyanuliun djtsnonna . 

196* 

gafammi, rn 

Kbiruta, *77 

Eulkoxhtha, il>3 
EuMcraa gqiaU, >073 
E<oUi*.io«. 633-474. 1645 
Ezntntsidafc >454 

Eaocixtut toliUXt, 1436 

tjn, 57Z 


Fairf bSocUrd. itrj 
Faiasooc. 345->44 
Falto tolsaibsnyt, 937 

Bidg d wj. 937 

peregmui. 955 

TXLtXia^ikt, 93S 

(paji'gnu^ 957 

i 2 S 9 W 3 */au^ 938 

Falcoe. 935-959 
baL >36 

pa egiia g. ses-Sa* 
prairie. 937 
F'^». 9 >* 

Sft eXso Havk 
Fajcwi Sitae. 933 
FaksolIpn&g 5 . 934 
Telcylra. iipf 
FaE&b. 143S 
Fonia cafuaolBxSg > 97 * 
Fantail. 1133. 1134 
rctboa and bine. i >34 
Earevie abaBira, 1343 
Feaibgr uar. iSEo 
TabiUX, S33 
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ftli'i bencalensU, 571 
564 

caratal, 567 
cliaut, jOi. 563 
contolor, 575 
comlanlma, 571 
tyra. 57* 
gtoffrojl. 57* 
l<uobUa, 57a 
lybUa, 561. 363 
manul, 371 
'iiarmcrala, 370 
563 

7«jfrcii. 37a 
parclatu, 5C3 
pardinoidiS, 571 
planictpt, 570 
ru(i£inuui, 571 
«niif. 37® 
iilvetlTU. 5Ca 
ttmminribi. 571 
vivemna. 570 

iv/caii, 371 
Fennet. 43»-45i 
ftnntfut, 431 
Fcr>de-luice. 1370-1173 
Fcia bryoioan, i673'it74 
Ferret. 50&50S 
blaek-feoted. 307-508 
Ficimlt. >313 
COM. 1348 

Fig tale. Medlcerraoean, 

1807 

FIghiicig Cth. Siamne. 

*S39- isfia-isSa 
Flehiing lailor, i864-t683 
Fifefiih, iSaa, i6ii4- 
>635 

orange, I6a4-i6a5 
Finback, 580, 381, 4r5-4i6- 
4‘> 

common, 415-416, 411 
Finch. 1160-1161 
Darrtin't, 11C2 
Calipagoi, 1187 
ground, 1161 
Lady Could'i, 1166 
pluih-apped, >i6a 
Finfoot, ioo6-ioo7 
New World, icx>7 
Firehral. 1753-1754 
Firebug, i8i4->6is 
Fue-cye, wbiie-winged, 
1115 

Fuefiy. 1871-1874 
FireSy fish. 1508-1509 
Flie-uiamander. laoS 
Fiih killer, 1823-1815 
Flih noth, 1753 
Fiihw, 5U-514 
Fuha, 1333-1640 
Fiihing-frog, 1634 
Fishwom. 1687 


FiituUnidae, 1516 
Fildi. 503-5 <i 6 
Flagbiid. 1183 
FUtnmgo, 

Andeaiu 938 
cammoo, 937-938 
Flat fly, «98i-i£|8S ^ 
nairuh. is®l-i5<«. •“>*' 
1619 

Rounder, 1615-1819 
fluke. I6i5-iai7 
balibul. i 6 i 4 -i 8>5 
(ole. 1613-1619 
turkxtl. 1613 
Flathead, i6a4-l6<^ 
liatwomi. »684-i686 
fluke. 1685 
Flea. 1715- 
1984 

cat. 1984 
dog, 19^1 „ 
human. 1984 
iiecer, 1745* '9®i 
tr^kal lien, 19H 
trwei 1745 . 

Flea, waier (auiweean), 

ilea'^le.^ i 8 m 
FU dermaua, ia6-i*7 
nicker. i« 94-'®95 
nidermouie. rt6-i*7 
Flarida eatrulf. 9»» 
Flounder, 161*. 1615* 

blind aumoia, 1616 

.tarry. •615- 'fl'l '®’# 
.umiocr. 1613. i6'5" 

wiener. .613- 
flower baike.- Veoofc 
1660 

Floweiprcker. 1145 
FloU. t6i5-‘»'» 

norlhrm. 1®*S'‘**F 

Fluke flarwonn- •o»5 

anihtas. i9®7 , 

awaswii. 1953- 19®7‘'9< 

bee- 19^19^7,. 
black. i9fl*-»9®3 
Mtieboillr. >953- ‘SSo- 

lOSt 

caddu. ie35-»*39 

chaUid, 1803. 19*»- 
‘9** 

clutter, 198® 
aane. 1834. »9M-‘957 

cyiii{»d. 199 

deer fly. i9^-*9®® 
deg-day hanei. i798 


Fly, drone. 197s 
Bat. 1982-1983 
Dower, 1972-1973 
Iruit. 1953 
tiannl, 1794 
heel. 1974 
Hettiaii. 1961 
horn. 1980 , , - 

hof«. 1953- 1904-19"® , 
houM, 1953- ‘965- 1979- 

1979 

hover, I97t-i973 . 

klay. 175‘- «7»®-'7«* 
moth, 1957 
mydaa, i97“-i97‘ 
peacock. 19S2 
pbaniom cane. 1937 

punky. 1960-1961 

Tobbe. 195S. igfly-is?" 
wlmon, I7B9-179® 
land. 1960-1961 
uorpioD. i834‘i“35 

anow, i835' '955- '95® 
.table, i979'»9W» 
iiink, 1776-1779 
none, lySg-iTD® 
storm, 1979-199* 
ryrpbid, i97*''978 
ipphui, 197*-‘978 
lachina. 1979-1977 
Teaai. 19W 
tietK, 1650-1651, 1987, 
■981-1982 
tunie fleth. iw 

whiie-iiocklngcd bUtk. 

Sre^a^o Flea. Ciiat, 
Midge, Moiquito, 
Wasp 

FIvcatchcr. iiio-ms- 

1133.1134. ii7'i‘7* 

alder, ml 
metted, 1111 

Indian paradiw. ii34 

Mexiun. 1171-117* 

monarch. 1134 
New Woild, liio-iitS 
Old World. iiSJ->*S5 
Pinamaman, 1113 
paradise. 1131 

adssor-tailed. iii* 
silky. 117'^ 

Filing fish. 14;»- MS®" 
I5«»- '5H- '5<9 ,,- 6 . 

Atlantic fourwing. M9"^ 
CalifornU. MST-'S** 

marine, i47* , 

streaked haicliet. J47* 

twowing- 'IS® 
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flying fox, io{-ioG 
Flying lemur, 95-97 
Flying iquirrel. *84 
giant. 284 
greater, 284 
laser, 2S4 

Nortii American, S84 
northern, *84 

southern. 284 
See also Scaly-Uiled 
squirrel 

Forammifera, 164S-1649 
Forester (moth). 1937 
eighl-fpotted. 1957 
Forester, Tasmanian (kan- 
garoo). 6x 

ForficuU auriculsria, 

>7S* 

tormua txseetoides, 1997 
fusta, 1996 
fusea tubferitea, 1997 
ru/«, >996 
aenpiinea. 1996 
Fonniarildae. J114 
Tormlddae. 1994 
Formlooldea. 19^ 
f MfO. 544 
Fossa, i4S‘SiO 
FousuR. 506. 511 
Foureye Osh. 1492 
Foussa, F44 
Foul, red jungle, 990 
Fox. 442-454 
African long-cared. 459- 
45‘ 

ArcUc. 44>-4t4 
Bering Island. 444 
blue 

desert. 430, 432 
(ennec. 43i-45i 
gray. 448-430 
Creenland, 444 
Hall Island. 444 
kit. 45® 
pampas. 433 
plaunum. 447 
Pnbilol. 444 
ted. 444-447 
savanna. 453 

■ilser-ba^^ 43a 
Sunenian, 432 
swift. 430 

Fox. Bymg (bat). 104-10C 
Fox squirrel. 163 264 
FretereWa arttua, 1032 
Fregala magnilictns. 923 

minor. 9,3 

Fiegaudae. 923 
Frigate bird. 911-923 

FriUed coquette. 1075 


Fiinge-finned fishes. 1419- 

FringiUidac. ssfit 
FriiUlaiy. 1903, 1906 
Aphrodite, iqofi 
great span^^ 1906 
meadow, 1906 
regal. 1906 
uliet-brndo-ed, 1906 
Frog. 119s- I**fi-S»s8 
canyon tree, t237 
cruicl. 1137-H38 
giant. 1219 
gopher. 1138 

let^id. t23i. 123S 
marsupial. 1233 
midget tre^ 1138 
narrotr-moutheil. leiq 
oaKerjaefc. ireo 
pickerel, itiS 
robber, 1220 
South American, 1234- 
•*$$ 

UCC, 1216, Stl9. 1233. 

1217-1238 
mte, 1228-1231 
wood. 1228 
dee also Toad 
Frogfisb. 1634 
Frogbopper. 180^1601 
Frogmouih. 1061. 1063 
owlet. 1065 

Fu/gord lancemarid, 1793 
Fulgoiidae. 1793 
Futica ameruarta, 1009 
Fulmar, 909, 911 
Fulmaruf glamlu, 911 
Funambulur, 265 
FunduJus bttrr^itus, 

1485 

Funianidae. 1117, 1136 


G 


Cad. 855 

CadBy. 14^-1966. 1974- 
‘9X5 

shfep- SSTI-SSTS 
Cadhlar. 1500 
Codiu tallanas, I301 
Galago. 139, 157 >58 
Utuit-lailed, 157 
Calbula leiieogaster, 1091 
Calbulidae. 1091 
Go/ee, 5G0 

CdfeicAlAss /efis, 1473 
Cefeoemso cutler, 1412 
CdieorAinur rjopterus, 
•4«5 

Calenicinae. 169a 

Coltdi^ 543 
CalMiictiSi, 343 


CalUfonnes. 977 
CdJiirmgo tUltcala, 1014 
Callioufe. paqjle, 1009 
Callus goflur, 990 
Cambusia efflnu, 1489 
Came, black, 998 
CammaruT locusta, 1727 
Cannet. 919-921 
northern. 919-920 
See also Booby 
Gar. 1418-1431 
aihgxtor, <43“ 
loQgnose. 1428-1429 
Carefowl, >033-1034 
Canbaldi, 1369. iST*- 
137s 

Comlox canorvm. 1138 
Caiterophilus equi, 1973 
haemorrhoJiiidu, >974 
GtstaosteidJe. >510 
Caslerosteus aOileatuJ, 

1311 

Gastropoda. 1692. 1693 
CoflTOiheea, 1233 
Caur. 774-775 
Coro aiomsi, 903 
aretiet, 903 
immer. 90a 
Hellala, 903 
Cavialidae. 1244 
Cawdlu, 124S 
Cas-ials. >243. 1244 
Cayal. 773 
Cdtella. 812 
dama, 818 
tubgulturoia, 815 
Gaaelle, 812-823 
addra. 818 
Atlas. 8iS 
dark's, 823 


lleuglin's, S19 
Indian, 818 
red. 819 
ted-fronted. 819 
Speke's, 8 j 9 
Tborason's. 819 
Tibetan. 813 
Waller’s. 814 
Gecko. 1283. 1S85. 

1289, 132015*2 
African whistling, 15*® 
banded. 1320 
Gekko gecko, 1310 
C^koQjdae. 1319 
Cclada. 186 
CHastocondae. 1809. 

1821 

Cempylidae. 1388 
Gems. 853-834 
CenuUA. 8<^-8o7 
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Centu 536-559 
craud, 536 
leopard. 538 
iiger. 538 

See filio Civet cat. Lin> 
»ang 

Crnrt(a, 538 
GeocB[>roniys, 570 
Ceoionyx, 1031 
Geometer moth, 1944-1^5 
Geometridae, 1944 
Gcomyidae, <87 
Giomjs, <83 
Gcospiza, 11G2 
Geoinfypu Irielioi, 1156 
Cerbil, 305, 3:g-5Sa 
Cermuk, 814 
Cerlalcon, 95C-957 
Certidae. 1809, iSso 
Cll^n, > 57 -i 9 g 
bUck-crejtetj. igg 
duk-handed. 199 
dwarf, igg 
gT*;> >99 

white-handed, tgg 
Sr«fii(o Siamang 
CiU noiuter, ia8;*i<88. 
JSoi -1803 

CmgfymMioma ctrrelum, 
1410 

Ciny. 906-909 

CiraBa eamtlepardalU, 

r«icuM(d, 754 
Ciralle, 75<-758 
blotdied, 754 
neiied, 734 
reifeulatcd. 754 
CirafCdae. 759 
Gluttela prsiincold. >019 
Clareolidae, 1019 
Glau make (luaid), 

1185. 1x86 
Claurish, ls<9-i5SO 
Claucom)t, <84 
Glider, 51.53, 30* 
(caiher-tail, 53 
gray scaly-lailed, 30Z 
PTgray. 5 S 
lugar. 51-53 

Glider iquirtel. Set Tlying 
(quirrcl 
Clmrfae. 343 
r^l^rucus, M5 

Gid. 345 

Clobicep/idla, 405, 40C 
Cfobigen'ne, 1649 

Cloiiina, 1981 

palpaSu, ig^i 
uoi/orme, 1981 


CIOHinidac. 

Glowworm. i^S **^74 
European. 1874 
Clytere, 1689 
Clyptodon. 8“® 

Gnat, 1956. 1359 * ‘ 9 ®** 

bit a. igSt-iyCg 

pbanlom. 1999 
mow. 1956 
tuikey. 1965-*9®* 
yellow. 1961 
Gnateatcher. blue-pay, 
1140 

Cnslfioeerui tomulas, 

1875 

Gnu, 8 o9-8h _ 

brindled. 8iO-8i« 
whiie^alled. 809-810 

Goa. 813. 818 
Goat. 838-841 
Angora. 839 
Caihmefe. 839 
European. 84* 

Rocky Mounuln. 8*4 
SpanUh wild. * 4 * 
wild. 838439. 84 «-* 4 *- 

CoafanieUY®' |m 4 j 8 

Tibetan. M?-®** 
Goatfiib. > 5 * 7 . ‘555 
red mullet. '555 

CoauiKUr. 1055. 

“* 5 .. 

C«Wo go8«o. ‘ 4 *® 

dwa^pye^r* ‘sj*- 
,6 oo-«6<» 

Goldfinch. •‘®»* 

Goldfiah. I4^-'4«« 
faniatl. > 4 ^ 
vciHaU. M ®4 
wild. • 4 « 4 . ‘465 
Colie'b, 188$ 

Goliath tiger 6»b. »455 
Colundt, 94 " ,att 
Ccneptcfy* * 9 " 

Goony bird. 9^^ 
Goose. 94 *- 84 S 
barnacle. 915 

£na<S *944445 

tray. 945 .. 

erealer anow, 915 
lesser mow. 945 

Goosefish. sSSl^'^SS 

31-^ t** 


Gopher Irog. 1138 
Gopher mouse, 5o8-5>o 
Gopher snake. 1345 
Gopher tortoise, 1169. 

1170 

CopAenir egusiu, l* 59 > 
1167 

berl^dieri, 1116S 
pcl}pbemus. 1169 
CobiUIae. 1598 
Cobioidci. 1598 
Coral. 850-85* 

Cordsur linealus, 1681, 

1683 

Corgoii 810 

Corgonie aeerosa, 10O8 
pabeltum, 1668 

Gorilla, 197. aos-ro8 
coast. <07-108 
lowland. li> 7 '»o» 
■Douniain. <07 
Cosbawk, 955 . 

Coslihg hawk. 955. 9®"’ 
oCt 

Cou^oul, ;i 
Coure. 1039 
Couratni. giant, »5tio, 
1561-1561 

Crackle, M5>-'‘5* 
boat-tailed. 115* 

Crerula »»f 

Cratlofia eaeeJja. i*>e 

damphtStlp’his. io8 
CreiX'la* melieofor, 1136 

Crepta eomma. tgo? 
inleTTOgBiloair. 1907 
progtie, IB"? _ , 
Grasshopper, 175*. >» 5 *. 

17B?-'77»,. 

Carolina. 17C6 

cone-headed, 17^ 

lone-horned. 1709 

lubber, 1767 

Grasshopper mouse, 305. 

Sis-31* 

Cmsshopper warbler. 1*39 
Cri)bacV. 1850, . 

Cmdidatealut brathyu- 

1046 


Craylag. 913 
CrayUng, 1433 

Grebe. 904-905. 1006-1007 
eared. 904 

great crcsled, 904-905 
MolboelL 904 
horned. 904 
btexicao, 905 
pied-bilici. 905 
red-necked, 904 
Slavonian. 904 
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Grebe. luB, 1006-1007 
iwan. 905 
Hcstcrn. 9<i4' 9®5 
Crecnhcad (Bt). 

‘965 , 

Crcenlin^ 1604 
Grenadier, I50o-r5o‘ 

Gribbte, 17x8 
Gnlloa, 971 
Grison. M4 
GriioneUa, 514 
Gri»et. >87 
Crotbeal:^ ll6s-l»64 
biack-headetl. 064 4 
evening. ii6s->»64 
rote-breaued. 11 84 
Ground h^, 167-17* 

Ground pig. 378*374 
Ground iquinel. 1&7- 
18 1 

Asiatic, 180 
California. x8o-»8i 
Columbia. *8a 
Esenmana's. x8i 
golden-manited, 18a 

rock. i8>l8i 
ipensophUe. 1*8-179 
siripod. *79**8<» , 

Ground warbler. 1156- 

Ctound^sbe*. 1501 
Grouper, I3S7. ‘S38-»5S9 
NaaaiUr >338 
Croute, 994-999 
buck. 997-998 
blacLgame. 998 
European black, 997-998 
Pallas's sand, >040 
pinnated. 993-996 
prairie sbarp-tued. 

993-996 
ted. 997 

sand. 1034, 1040-1041 
spruce, 996 
Crouse lonsl. 17C7 
Cruidae. 999 
Cruifonoes. 998 
Grunion. 1319. I31>' 

•5*5 , 

Grunt. 15x6. 15x7 
bluesiriped, 1547-1548 
yellow, 1547-1548 
Crus ornerirone, sooo 
grus, looo 

rubricunda, 1001 

CryUidae, 1770 
Ccyllotalpa borealis. 1773 
Cryllocalpidae, 1771 
Cryiius osumifis, 1770 
Gryfius domeslicus. 1770 
Cuacharo. 1061. 1064-1065 


Cuan. 980. 98* 
piping; 9S1 
wattle 981 
wbiie-aowned piping. 
981 

Cuanaco, 705-706 
Cuanaqulio. 707 
Guanay, white-breasted, 
916^17 

Guano bat. i3i'>S4 
Guara, 453-4S4 
Gudgeon, 1466-1407 
Guemat. 737-738 
Guenon, 174. 187-190 
ted, 190 

Cuepard. 593-598 
Cuereaa. 175, 194-198 
Guinea fowl, vnltutine. 
994 

Guinea pig. 359-363 

- ■ ater, 361 *'* 

. Cavy 
Gull, ■«x4-iai7 
Bonaparte. 10x7 
Calif^ia, io»6 
cocnmon sea. iox3* 

10x6 

Ftaoklio. 10x6 
great black-backed, 
iot&ioi7 
herring. 10x5-10x6 
laugbiog. 1017 
Ueue. 1017 
rosy, 10x7 
lea. 10*5-10x6 
Gufo fuscur, 517 
Cundi. 375 
Guppy. 1484. 1485. 

1489 
Gurnard. 1604 
Cygu olbe. lOtB 
Cymnerc/iui niforinu, 
•475 

Cjmnogy^, 974 
CyRinorAina, 1175 
Cymnochoroz funebrii, 
1484 

Gymnotid cel. 1455-1456. 

«473-*4T5- ‘4«* 
Gymnotidae, 1455 
Cymnuies. 74 
Cypnetiu bmbatut, 971 
Gyps fu/ros, 971 
Cyrlalcoo. 936957 
Cyrioidae. 1841, 1850 


Haematopinidae. 1830 
Kaematopodidae, 10x3 
Ifacmatopus osfraitgut, 

•0*3 

Hatmonhagia, 19*0 

Uaemulon leiunir, 1547 
Itaalera, 1913 
Hagfisb. 1400, 1403 
Jlaideotriton wallacei. 

Hair make, 1681-1683 
Maintreak, 1914 
Hairworm. t68x-i633 
Hake. 1501, 1504 
European. 1304 
Pacific, 1504 
iilio. 1504 

Halfbeak. 1404- i495-‘896 
tieJuuetus elbicitla, 970 

leueocephalus. 969 


1487. 


II 

Haddock, isoct 1501. 
■503-1504 

7/ermelooie irr>(ens, 
T/aemoloderus mifirai 


wasiingtoni'cnlil, 969 
Halibut. t50>. 161X, 
i6iS> i6i4->6i5 
Allaniie, 1613 
Pacific 1614-1615 ^ 

ItaJitheenu gryfur, 015 
Halicore, 6*x-6t5 
HtUetii <T«fAerod«i, 17«* 
lutgtns, 1699 
ni/esceiir. «699 . 
Halebtitt. 18x0. 18x1 
Haliidnae, 1891 
UaliCipttna mieroso'""* 
911 

Hamadryad. 183-185 
Hamburg. 990 
Hammer fiead (beeOe), 
1871 

Hammerhead (ihark). 

1413 1414 

Hammerbead (stork), 933 
Hamster. 305. s*6-3'9 
European. 316-319 
golden. 318-319 
Miller's. 319 
South AMcao. 319 
Hamster mole. 319 
Hanumao monkey, 19*- 

Hap^omyi, $40 
Haploehromts, 1575 
Haplodod. 1631 
Hate. 130-XS3. t35-*47 
Alaska. X36 
Arctic. X37-XS8 
Belgian. 131 
blue. 139 
Cape biovm. *43 
Eurasian. *4*-*4S 
Eurasian saiyang, *3* 
European brown, *1*- 
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Slirc, Flooitb giant, sji 
Cr egnlanilf 158 
hispid. 136-1)7 
iiunping, J03-3IH 
UlUe chiei, 133-135 
minh, ^5 
mounuio. 138 
mouse. 131-135 
Nevr Zeiuod white, 

*Si 

poUr, 137-138 
prairie, 138-139 
red, 14s 
inow, 137-138 
South Alrican gray, 

true, 135-136 
varying. 138, 141-14* 
whuiluig, 131-133 
wooUy Ilinulavaii, 1 (3 
Ste uio Rabbit 
lUTpaliu, il 
prani)(</er 
Uvpit, 4|C6 
liarrlcr, QlU-ySs 
S« Hai^ 

Harttbeeit, 767. 807-609 
Sesegal. 808 
Uitvat fly. >794 
dog-day, 1794 
Httehet iith, 1455. M7** 

1471-1478 
Hawflneh, iim 
H awk, 953-965 
bat, 960 
blue darter. 981 
broad-winged, 963-964 
Coopo't, 961-961 
duck, 956 

European sparrow, g6t 
fish. 974-975 
CaUpagm, 964 
gnling, 953, 960-961 
marsh. 964-963 
pigeon. 057 
red-shouldered, 963 
red-lailed, 961-963 
tough-legged. ^4 
iharp-shinned, 961-961 
sparrow. 957-958 
tarantula. 1739, 1971, 

St* alia Falcon 
Hawk cuckoo, tci49 
Hawk-eagle, ornate. 969 
Hawk moth. 1914 
Haymaker, 131-135 
Headfith. 1613 
Heath hen, 996 
Hedgehog. 71-74 


lltleedyttt brttttneteapil- 

tu4, >130 

Ileliconidaea , 
/iefieonsui (hanloniut, 

igos 

ttiliomit futka, icaj 
Ilellomithblae, 1007 

HiliouiuTUt, tCj 
lltli* pomalk, tfigfl 
Hellbender, 1195, ••9°' 
ia»l. ilM, >1^* 

1106 

common. 1198. lt<^ 
great. 1198, >104 
Oiar^ 1104 
llelmei bird. it74 
Httaderma, it87-t*88 
tuthecium. 1301-1303 

Ilelodcsroatidae. is<»o-iso» 

Htloefilt, 548 

Htmac}tatut haemathaiut, 

1354. '855 . 

lUmatit Ih>s6r. *9*6 
Htmerotampa leneos- 
tigmo. ‘989 

veturtit. 1999 

Hetnibrancbi. >5>4 
HeSp^ 

Utmipreen* »*69 

Haaiptocsiidaes 1009 
Hemiptera. i8« 
Ilontthiinphidae. 1494 
i/emitrogw jtinlaicai. 

64* j 

lUmitnpt*^ amtika- 

Hen. 998 , 
beatli. 998 

‘678 

jgngwinofenla, »67* 
llerefotd. 766 
Hernitl. Cualetnalan. 1075 


lltlarctai malayan 


I, 474 


boat-bUlei 98° 

giant. 9*6 , 

Goliath. 918 

|St Wuev 9«69*7' 
1000 

great wbile, 9** 
little Woe- 9*6 
HtiJe greeo- 98® 

Herpailuni* 57* 
lietpattt, 546 
tdaardrii, 547 
icAneumon, 547 
nyulo, 547 
urvo, 547 


llctiing. >45*' I4S5-MS7- 
‘54° , 

Atlantic I4S5-‘436 

Paafic, 1436-1437 

Herilng guU. >015-1016 
Hespcridae. I9*S'‘9*4, 
Hesptriphona vcsperuna, 
i>^ 

lUtperorvU, 878 
Heieroceia. 1901 
Ueletadoti uosirur, 134> 
platyrWnor, 1340 
Heierweneidae, 1947 
lieleroliytax, 649 
rynoeur, 649 

litteromcta. 1841 
Heteremyidae, 189 
lUtcToinyi, agl 
UtltTonetia, 951 
Helerosomaia, i6i3 
Hestagrammidae, 1604 
Hickory horned d«ll, 

‘984 

Ilitnaniapus mtxieanut. 

Hlod. >587 
lIlnBT. 06° . . 

Uippasitfk pherypana, 
>678 

Hippoboscidae. >98* 

Hippocamtlas. 737 
Ijtppofampuf tngeni, is>i 
hudieniul, >317 

laiitrae, 1517. 

Ilippadamia, >800 
eonuergrnf. >Bto 
parentluM, 1B60 
tredeci«np>»''f**i*» 
Htppogkuul hippoglot- ■ 
lur, (615 
slenolepir. 1614 

Hippopotatnidae. 69a 
Hippopoiam'**' 69*‘°97 
common. 69*-897 

pigmy. 697 ... 

Htppapiatamut empnio- 
■ui, C91 

Hipposideridae, ilS 
//ipbelreguj cqainut, 804 
nieei-, 803 

Uirundo rusliea, ‘i*4 
Hupinae. 1891 
Histeridae. >841, ‘856 
Histnapbba, 1637 
Hisinonirus, 950 
Hoauin, 977-976 

Hog. 681-691 

pant forat. 687-688 
musk (peccary), 691- 

69* 
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Hog. See eUo Doir. Pig, 
Wild boar 
Hog badger. 515 
Hog deer. 7»&-7«9 
ilofcfaoler. idij. 1619 
//oioeen/ridae, 1507 
Holocentms aeenstonis, 
ijoS 

Holoainti. *570. 1577 
Hotochurioidea. 1675. 1681 
Uobceui. 7^0 
Homalopsinae. 1^7 
Homaridae, 1718 
HoRiarur emerieonut, 

1718 

Hominidar. 141 
Hama tapient, 141 
Homoptera. 1790 
Honey bear. 487-489 
Money creeper. 1157-1158 
blue. 1157 
Hawaiian. 1157 
Money dog (marten}, 

51* 

Honey eaur bird, Aua- 
ualiain. 1145-1146 
Honey guide. 513. 1090, 

I099-I10I 

ACriean lyre-uned, iioo 
coQunon. 1099-1100 
lUmalayan, iioo-iioi 
Honeybee, aooy-ioio 
Camiolin, aao9 
CauCTrian. *oo8-mo9 
Cerman. aooS 
Italian. tooS 
Hookwonn. 1683-1684 
Hoolock. 197-199 
Hoopoe. loSo. ioS&-ioS7 
uee, 1087 
Hopper. 1798-1801 
lal. 179^1600 
tree. 1798-1799 
Hombin. toS^ 10S6, 

1087-1089. 109S 
African ground, ioS3 
bdiaeted. 1089 
rhioocena. 1089 
Tutou*. 10^ 

Homed toad. 1193. 

•»95-‘*97 
giani. 1*97 
Hornet. t(x>4-xoci6 
bald-faced. *005 
giant. *004-1006 
papa-. *004 
«hite-&ced. *004 
HomtaQ. 1988 
pigeon. i$8S 
Ilon& 651-666 

Am^icaa laddle, 656 
Arabiaa. 655 
B elgi a n . 654-655 


Hone. Dawn. 651 
haclinn. 636 
pony. 653. ^ 
rrzewaliki't. 657-058 




wild. £57-658 
See Donkey, kfule^ Ze- 
bra 

Hone ant. 1996 
Hone botfly. 1973-1974 
Hone macLocb i^li 
Hone uinger, 1783 
Konefly. 1953. 1964-1966 
Monoboe crab. >7*9- 
1730 

Hound. 506 
Uouiefly. 1933. 1965, 
1978-1979 

CDtDnioo. 19781979 
leiMT, 1978 

Howla mookey. 164-166 
Htianacn, 705-706 
Huentul. 737-738 
Kuia wattle-bird. 1179- 

ii8« 

HumbJebee. tood-too; 
Huouner, 1075 
Aana'A 1075 
tword-tail^ 1075 
Hufflmingbitd. 10^1075 

bUck'^mned. 107* 
giant. 1069. 1074 
Goutd'i. 1073-1074 
helmet-creit. 1075 
mountain. 1077-1078 
ruby-dtroaled. 1070- 

ttreancr-la^ed. 1075 
wbico-footed tacke*- 
tailed, 1075 

Humpback whale. 417-418 
Humu hiunu Nuko-nu^ 
-Apua-a. 16*4 
Hiuiong do^ 456-438 
Huron. 514 
Hum Aiuo, 14*6 
Hotia. 369^70 
Cuban. 36^370 
(bon-cailed. 370 
Hyaena See Hyma 
Hyaena frrvnnea. 556 
hjame, 556 
Hyvnidae. 559 
Hyaline cncrouicig bryo- 
*oan. 167s 

Hfborh j nthiu netotuc, 
1460 

Hydra. 1661-1663 
fieifa-waiCT. iG6«-iG63 


Hy-drariae, 1661 
Hydrobaiidae, gii 
Hydrocboeridae. 363 
ll^drochoerue, 361 
capybara, 361 
Uydrocson golieth, 1455 
Hydrodamalidae. 6*3 
Hydtoidet, 1691 
HydromanUt plaiyeeph- 

Hjdromyi, 34a 
Hydropnasienue, 1031 
Hydropbiidae, 1359 
Hydrophlinae, 13&0 
Hydrophilidae. 1841, 1851 
Hydrophobia cat, 5x9 
Hydropoles inermis, 714 
Hydrozoa, i66t 
Hydrurea Upionyx, 6i8 
HydrjpTiaofe* ru6er, 1745 
Hyemcucbur, 710 
Hjena. 530-557 
brown, 556-557 
laughing. 551-55® 
^ued, 55 I '558 
Unpod. 556 
Hyle, 1(16. itig. i *37 
erenicoior, 1x37 
erueifer, 1138 
oetderir. 1(38 
Hylidas. 1*35 
Hy/o 5 ater, 19*. >98 
Hylotkoerut meinertzAe* 
gent, 68y 
Hyloeiehle, 1136 
fiylomana momotuta, 
1084 

Hytonymphe maetoeerta, 
1075 

Hyttenoptera. 19S6 
Hypenodon, 39* 
nyphantria cunee. igS7 

Hypheeiobrycem innea, 
1468 

Hypoderma uneale, 

1974 . . 

Hypofhamphus um/am*- 
lut, 1495 

Hypi/gRCt/iur, 106 
Uypuprymnodm, 64 

Hjptypops rvbUvnda, 

1571 

Hyracoidea. 649 
Mrrax. 648^51 
big-tooibed. 631 
common Afrvan, 65! 
gray. 649-650 
rock. 6(9^0 
Srrian, 649650 
tree. 630 
Hyuricidae. 354 
Hyiuicomtwpha. 150. 554 
Uystnx. 351 
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Ibex. 

Ab^tsmUn. 8^1 
Cheian, S^i-S^a 
Nubian, 841 
P)tcnean. 841 
Sibeiian. S^t 
Ibi*. 93J-9S5 
elosay. 9SI-93S 
taoed, 9J4 
xailet. 9)4 
white. 9)4 

whiie-facu gletry> 0)4 
wood. 9SJ 
Ite Age. 871. 87) 

Ice bird, 910 
IcAnrumie, 548 
Ichneutnon. 447-548 
lehncuiuon fly, 1918. 

19)1. I980'‘99* . 

Ichneumon (mongoose), 
547-548 

Ichneumonoidea. 1990 
IcAlAy«ni)a, )IS. 518 
Uhlhjosaur. 8O9. ii)9 
Ichthyostege. 8^0 
hlailurut plamettit, 570 
leteiidae, 114a 
htmu galbula, 1153 
parnofum, 115) 
redniis mluiulpi'leniis, 
9C0 

Jclori)*, 514 
IJolhea mttaUice, 1717 
Iguana, 116). 1x89- 
1)00, 1)0) 
de»^. itQi 

Calipagoi land, itjt* 

mK?ne 11S4 lagi- 
ISO)' 

tropical. itS). 1*9* 
Iguana Iguana, 1X8], 

Iguanidae, is3g 
Imanlodet graciJlimtU. 


xanlAonofui, lioo 
Inclicatoiidae. 1100 
Indri. I48-150 
Indridae, ijo 
Iiiaecta. 1714, 1749 
InMCiivora, 65 
Insecta, ie4)-soii 
Invcftcbcaiea. >643-10 
lu iDOili. >9)1-1933 
Irbil. 579-580 
IredifMrra gMinaeea, 


/rena, II17 
Irenl^e. 1117 
Indopntn* biattor, lit) 
7ita unbrUi^ 19)8 
lilndl. 187 

Isopccia. i;4S« >779> >994 

iKMpondyli. 14)3 
lulophoiidae. 1598 
tiltophoru* atnencanus, 
>994 

Durui grouctu. >409 
oxynncAu^ l4<^ 
/rAaginU cTuenlut, 985 
Ixetnydtus exilis, 951 


(acamar. logiwioQl 
bcoikiy-brcaued. 1091 
great. 1091 
paradiae. 1091 
Jaeamerapt aurea. 1091 
Jaaiu. toil. I0i9->0)i 
Amencan. io)t 
«oa>b-«t<ated. <030 
pbeaiani-iailed. >o)> 
Jixana tpntosa. lojt 
JicanMac. io)0 


M> 

Allen’i. I40-14> 
bUck-UilM. t40-t4> 
CaldontU. J40-i4« . 
EapitUtt Santo iriand. 
<4* 

gray-aided. 140-141 
white-aided. 1)9-140 

wbitc-Ulled. i}8-i)9 
Jaaal. 459-44* 
blacL-ba^ed. 441 
gray. 44> 
llioialayan. 441 
aide-iuipcd, 441 
ailver. 450 
yellow. 441 
lauaaa. 658-060 
laeXau. laughing. loSi 
lackau bat. itt 
lack Mocll. >519 

jacksnipe. 1014 
Jaculus, 349 
jaegCT. pomanne. iota 
Jaguar. 574. 59*-S95 
lagamiys vnea, $g* 
Java man. 141 
Javciine. 691-691 

Jay. 1178-1179 

(due. Ii78'i>79 
Cabfonua. ti79 
rtoiUa. 1179 

Slellerl, 1178 


Jellyliih. lC6t. iCC0-l6C3. 
1671-1671 

comb. iCOi. iG7i-t673 
common, 1GC7 
common comb. lOji 
Sat. 1C66 
Floilda, 1G7O 
many-ieniadcd, 16GO 
moon. 1GS7 
Jentinkia, 484 
Jerboa. 3)0. 341, )48-35«> 
ACncan ihrce-loed, 549 
AutiraUaii. 341 
big-eared, 350 
dwaiC, 549 
bt-tatl^ 349 
flat-tailed. 549 
jumping. 330, 341. 348- 

350 

Jerboa oaiiupial mouse. 

Jerboa rat. tumping, 330, 
34'. S4H5» 
jeney tow, 766 
jeHrub. spotted. 1537 
Jigeer, I745’'746. >985 
Dnlieil Siaiea. i745->746 
Johnny darter, tstS* 

>519 

Joint snake (lUard), 

1186 

Jointwonn, >68g 
jumbo. 6JS-654 
Jumping Man, ktexican, 
•95* 

Jungle fowl, red, 9M 
jungle thcep (deer), 715 
junonia eoenia, 1910 
Jurassic paiod, 8Gg. 878 


SE. . 


Kagu, 1004-1005 
Kaibab. 161 
JUngareo. 59-64 
blue flyer. 61-63 
dusky tree, 64 
forester. 60-61 
great. 6o-6t 
great gray. 61 
musk. 64 
rat. 60 
red. 61-63 
tree. 6) 64 

Kangaroo mouse, 345’347 
Kangaroo rat, 191^94. 
S4> 

American. S4t 
banner-tailed, 194 

dwarf. 194 
Kapoune. 49 



Sniper, cape, >3S« 
Siuu, 34a 


SaiakuL S45 
Selivs-onul ptUmit, 

139* 

Saiyiiid. Jjfi?-*;"® 

Kea. New Zealaiiil. 104S 
Kelp&ih. 15&4 
Kerodon. 3O0 
RestieL S5"-Sts3 
American. $37-933 
Siace, 60z 

Kille whale. jS^-jSj, 401- 
4<6- 4«5 
AUantic. 403 
talte. 4CS 
little. 403 
Paci£c 403 
smie. 14S4. 1483-14^ 
Killi&th. 1483-1435 
King oab. 17*9-1730 
crow. (<70 

Sing ilippoy dkk. 138^ 

13B1 

Sing (oboba. 1370-1373 
Singhlid. itto. 

Amsion. iiGg 
eaueni. ifio 
KingSahff. ioS>ioS3 
loSo. loSi 
pandiie, loSt 
Singlet. 1140 
g^5ea-aawaed. 1140 
nibj-ooinied. 1140 
Sinka)ou. 487-489 
A'inwefnon, t«7a. 


Site. 939^ 

Erogl^ 959-$^ 
Mittisdppl. 
red, 959 

vhite-taOed, 9G0 
Siai. 836. 839-891 
1384 

Slipiptioget. 816-817 
Srufcnih ccl. 148* 

Scala. 34-ss 
Sob. SCO 
BuSon’i. 8ao 

Scbur ^aua. 799 
cI/ipiiptTiBniu, 799 

Acjia. S9» 

EotimbT. SOI 
Smoodo diagoo. irSt. 

11S4. 1x38-1x89. 1313- 

*8’^ 

Scsgooi. £09 
StfAahuira. loSi-ioSx 
Sotin. 819 
fUctigum. 8o3 
Souprer. 776 
Sudu. 787-789 
greats. "87-789 


Labia ninor, 1736 
Labiidae. 1379 
LabTTinibld. 1339 
Lac'insecti. 1S03 
S*e eUa Sole iaxoa 
Laatfer, 1804. 1803 
Laming. 17^1778 
LncAexu nuia, 13&7 
Lad} bug (Udf benie), 
1837-1860 

MoicaA bean. 1639 
nlne-^toued. >S£o 
iia-ipoited. i860 
tqimh. 1839 

tnce-uabbed. i860 
two-fpoUed. 1637. 1839- 
iSoo- 

Lagenothynchus, 409 
Cngidium, 367 
Lagomorpb^ *31 

Ugofvi, 997 
/euevnii, 997 
muiiii, 997 
xfMieui. 9^ 
Lagattamra, 366 
mcainui. $6 
JUgotArir. 171 
Lam* glam^ 704 
guaucoe. 703 

1 jmh- St* Sheep 
r FaidiaL 846 
Lamtlitevrni*, 184* 
LamzDcigeier. 971 
Lamp xbcU. 1674 
Lamprey. 1400. 1404-14CS 
brook. 1406 
lea. 1403-1406 
lampr^ «eL 148* 
LamptMae. 1306 
Lamprit regiu. 1306 
LamptoptUii doliala, 

•344 

do/iala IrcangidiijTi, 
1376 

grtulut, «ssj, 1344. 

•37* 

LampjTidae. 1841. 1873 
LaajJyrii ooctdiica. 1874 
lancclet, I4«t;, 1403 
Lai^nr. 17S 190-193 
purple-taced. 190. 19s 
sDub-noaed. ■90-19Z 
lar.gun* taosardi, iSSt 
Lasguriidae. 1841. ifi£± 

T ll-f 

Laniia excxcgxtor. 1*74 

{udcvxcwoiu, 1174 


Lament &j, iTgt. >795- 

•7^ 

laitVtaaoluJ, tjo* 
Lapwing, European. 1017- 
1018 

laiidae. 1013 
Uik, lixt-titg 
horned, lixx 
CaTOftema inca, tatS 
Larus orgenlalui, 10x3 
meriRui, 1016 
Bunulul, 1^ 
pkiladtiphia, 1027 
pipixtan, loxS 
Laiiocampidae. 1941 
Latiunu boreeUi, 1*7 
cinrtta, 130 
L^'ui flaxvs, 1997 
niger, iSen. 1997 
afgtr amnieeBux, 1997 
Laies, 1330 
y 1360 

Latimeria ckelumnae, 

14x0 

LmrodecXui macieat, i74» 
Laughing Jaciaxs tds 
Latia, lit 

Layma albamsi. 909 
t CI1U0. ton 
teal heppCT. iTg^-'^oo 
tni miner, 1931 
Lea/ roller. 195* 

Lealbird. lit? 

Leagih. 13x6. I3SS-IS37 
LcaibabacL. 1141. 
1x77-1180 
Pacihe. it4X. itT?* 
ix;3 

Ubia, 1843 

LeMita reticulalus, 1487 
Lechwe, Soi 
Nile, Soi 

Leech. 1691 
LegBluj. 1113 
Leghorn. 990 

Lexohiinum, 1733 
Leipca. 979 

Leuhnsontd, i^i 

dawpanL 1631 
l.eitttnjn&, 303. 319-3x0. 

3*7-319 

brown. 310 
coUared. 5*7-3*8 
goUen. 319 
mole. 319 
red. 319 

ScindinarUn. 319 

swamp, 318-3x9 
tree; 5x9 
true. 8i9-3» 

Set alia Sloate. Kax. 
Vede 
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Lemming manse, jiO* 

3i>9 

Ummxu, Jig 
l.tmnaomys, sjo 
Lemur, 

Lemur. IJ7. 
common. 
lat-tailed. 147 
flying. 95-97 
[ruil-caling, 147 
mouse. 147 
ring-ulled. mO-H? 
tuaal. 147 
true, I4C-I48 
wooUt, 146 
Lemuriaie. 146 
Lcmuroidea, 146 
Leo leo, jSo 
Leolopitmo laterafe. 

1189. 1518 
Leonloeefrui, >75 
rouO'4. 173 
Leopard. 

AsUiic 571 
clouded, J79 
golden cstb. 578-578 
huotlog, 595-598 
SibeiUa. 579 
snow, 579-580 
Leopard (rog, itji, njS 
Leopard genei. 558 
Leopard Kal, Coi. 818- 
fiig 


/iciu, 1B07 
glmerU, 1807 
utml, >807 

Leplima domeitiea, 1753 
saecharint, >753 
Lephotieoi oueus, 14S8 
iptttuta, >430 
Ltpomlt £i55oitM, 153s 
maaoehirat, 1533 
microlophue, 1555 
Leporidae, sja 
Leponllui, 341 
Leptailuna servat, 570 
Aeffasleriaj rmera, 1678 
Leploctphalidae. 148a 
Leptoeoris trivitlelu, 
1813 

Leplodac()lidae, lato 
Leptodai(ftu3, iiao 
Leptedeira uptentrio- 


Ltpiotynopu, t68i 
Leptoijph^idae. 1335 
Lepta, ajd 
alleni, t|0 
ainerirenuf, 841 

ererictir, 138 
talifomicus, 141 

eujopaeui, 141 
groenlaadimu, 138 

lairiue»tlii, *38 
Lethoeenis, 1813 
Leucophoyx thilo, gaS 
Leuresthei lenuit. tjas 
LibetluU. 1787 
{orentts, >787 
pulthella, 1787 
lemifoteiaia, 1787 
Libinia emargtnala. 1743 
Ute. See Lome 
tiehanoliu, 148 
LirAonure rotee/usea, 

•5*7 

roieofuteo graeia, 1333 
Lithenepora, 1673 
Lightning bug. 1871-1874 
uTy-irouef. iota. 10*9- 
1031 

tamacodidae. I0|8 
Limes llei'ut, 1696 
Mdsiuiur, 1C98 
LImenith, 1911 
Limnorie fignorum. 171B 
Umnoliagus tbeKii. 789 
Limpet. UThoW, iC« 
LimrUn. crying bird. 100 
Limulat polypbemus. 

•73® 

Ling. 859. 1500. I5«> 
Linsang. 538-539 
Abkan. 539 
banded. 538 
spotted. 538 
See also Ci»et cat. 
Genet 

Liodyte* oUenI, »32S 
Liomyt, 191 
Lion, 580-586 
Uon. ant. i778-'779 , 
Uon. aphis, i77«-‘j?« 

mountain. 573-5*8 
Uon monkey. »7*- •75- 
•74 

Ltoihris Iviea. 1158 

U^mridae. 1939 

Lipaugus sioaferant, itto 

Lipoleh 410 

I Aoa 


Ijuid. Ii9t- 1*4®' 
ii8a-i3aa 
beaded. J300-1303 
Wind worm. ia?ti 
Dornean. 1308 
Celebs flyuig. 1305- 
•306 

collated, 1300 
CTSted, lagt 
asced, casque-headed, 
1307 

Cuban, 1484 
dragon, i303-i3>® 
fence, tags 
Dag. iiqs-iagi 
Djing dragon. 11B3, 
IS»S-*S07 
frUled. 1308-1310 
Itinge-fooled sand, 

homed, itgs-iaqS 
ioini-tnake, ia88 
Mexicais beaded. 1301- 

mgSl. 1*89, 1369 
scaly. 1184 
iploy-uiled, 1307 
tyrant, imi 
worm. itSj, ii8d 
Li»id bird, 1051-1038 
Llama. 7»s-;o5 
Loach. 145s 
Lobifrys, iei8 
Lebipei Matas, loto 
Lobotes turinamensis, 

1550 

Loboudae. >551 
Lobster. 1715. 1718-1719 
Amerlsn. 1718 
spiny. 1718 

Lochmiol nematura, ill} 
Locust, i 766-«767 
Carolina. 178® 
grouse. 1767 

Logcock, 1096-1097 
Logpeich. i5>9 
LoJigo opalcscens, 1710 
pealel, Itio 
Longhorn, 766 
Longicorn. 1883-1886 
Loon. 90S-903 
black-throated. 903 
common, ejos 
red-lbroaied. 903 

yellow-billed. 903 
Lophiidae, 1635 
Lephius amerieanus, 

1637 

LophodyUs cucallatas, 

919 
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Lopholaiitus chamatlcon- 

ticrpi. *539 

Lophophorus tmpeyanus, 

Lop^^is magnifica, 

't>75 

Loricaria, 1479-1^81 
wbiptail, 1479-1431 
LorUaHa parva, 1479 
Loris, 139. 15»-I5S 
g«>. >53-‘53 
slender, «5*-i5S 
slow, 153-155 
Lorisitlae, 158 
Lorr. Papuan, 1044 
Lola lota, 1505 
Lotus bird. 101a, ia»9- 
1031 

Louiuana water thrush. 


so3S-‘®54 
Louse. i8s7-i 834 
bark. 1833-1834 
^ 137«*‘97* 
biting i8t7 

boo^ iSaS. 1833-1834 
cloihei. 1830 
aab, 1830 
ba^ 1830 
plant, 1801-1S03 
sudin^ 1817 
Loiebir^tose-taeed, 1048 
toxia cuniroflra, ii6s 
Itucopiera, iifis 
Loxocetnui bitolor, 1318 
Loxodonta africana, 838 

r^clotis, €30 

Luczoidse, 1841. 1877 
Lucanus cepreoiul, 1878 

dama, 1878 
eiepAui, 1878, 1879 
placidta, 187S 
Lutilia coaar, 19S1 
iericata, 19S1 
s^hisrvm, 1981 
Lutiocephalas pulcher, 
1560 

Lu^onn. 1688-16S9 
Lumbrieus, 16S7 
lerruiru, 1687 
Lumbrinereis tenuu, 1689 
laimpfish, 1603, 1611. 

161s 

Lumpsucker, 1G03, i6ii' 
iSic 

Luna moth. 1931-1931, 

•933 

Lungfish. 1191, 1419-1413 
AMcan. 1411-14x3 
LusrinU. 1136 


Lut}aaidae, i$47 
Lutjanus ayo, 1547 
grisetts. 1546 
Lulr« canadenia, 530 
lutra, 534 
jumafrana. 534 
Lyeatna ramsnlas, 1914 
pttudargiolus, S914 
LycacDtdae. 1914 
Lycaon, 456. 457 
L)raia heltuo. 174a 
Lyeosidic. 1738 
L)pridae, 1809. 1813 
Lygaeus katmu, 1814 
Lygux pTotentU, 1813 
Lytnaatnidac >939 
Lfn*. S&4-567 
biy, 565-5“ 
Canadian, 564-565 
European. 567 
red. 565-567 
Lyitx canadenm, 564 
lynx, 567 
ruftis, 565 

Lyrebird, iiof. t(t> 

Albert's, iiti-iiss 
tupeib. iiso 
LymrtU. 997. 998 
Mnx, ^7 


klaanhaar-jackalL 557-359 
Macaea, 175 
mulata. 177 
sy/conus, 178 
Macaque. 175-178 
cnb-caiing. 179 
llon-tailed. 179 
long-tailed. 179 
pig-iailcd. 179 
toque, »79 
Klacaw. 1044-1043 
red. blue and gicen. 
1044-1045 
Macgregona, 1181 
Maefuerhamphia, 136 

tinnnus, 9fo 

Macierd. 1397. I540. iji*- 
>588-1591 

Allanlk, 1397. 1589-1591 
bone. 1341 
faalie, 1591 
Spanish, 1588 
Afaerecbrlys lemmintJU, 
«*74 

Afacrodtmipm erwvKomu, 

18SB 

A/acrogeouiys befcrodur. 
s88 

btaerannles giganlrvr. 


Maaopodidae. 59 
AtacTOpui, Co 
Macrorhamphosidae. 1516 
Masoscclididae, 76 
Macrotoarces americanus, 

•5S5 

Maciuridae, 150a 
Madiom, 1478 
Maggot, i97*->973i '9/6 
cabbage. 1978 
rai-tailed. I97t-i973 
Magi/ieeda sepiendeant, 

179* 

Magot. 178-179 
Magou. 138 
Magpie. 1175 1179 
Australian, 1175 
contmon, 1179 
Mahseer, 146C 
Mekeira elbida, 1596 
mitniLurt. 1596 
nignranr ample, 1595 
nigricans marhna, 1596 
Malo, 1409 
Atiaotrc, 1409 
Pacific. 1409 
Malacanihidae. 1339 
AlalctUmmys tfrrapin, 
it6o 

Alalaeoioma emerUana, 
>93;< >943 
dtssiTia, 1943 
}tagili$. 1943 

nuestrium, 1043 
AlalaptervTui eiectricvL 
>478 

Matana protozoa, 1631 
Maiooha. 1030 
XialUrd, 93S. 946-947 
Araltee lo*-l 979 
Mallophaga. 1817 
Ma/lotur vtllonu, 145' 
Mamba. bUci. I33i-I35*> 
iS 56-»357 
Mammals, 3-S74 
Mammals, Age oL 86t, 
863, 866^ 
XIammoth. woolly. 861 
XfampaloD. 54t-54t 

Cro-Magnoo. 14* 
Ncande^aL 141 
Filtdown. 14s 
Xfencmr vilelUnas, iicd 
V ranatin, II06-II07 

oirhate. 1106 
Gould's, 1106 
helmered. 1106-X07 
lance-tailed, a 106 
redheaded. 1106 
while-naped. 1107 
Manatee. 6ss. 6t3-6iS 
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Manatee, Florida. C18-6X7 
Nalrcrer'a, 627 
\Vcit Indiea. C:G 
Mandrill, iBii-iB; 
Atendril/uJ Uucofihaeus, 


Maiigabev, 180-181 
blacL, 181 
created. 181 
sooty, iS> 

Manna scale, tamarisk, 

i8oij-i8oG 

Man-o'-war bird, gtl* 
9J3., 

ma^tucenl, ot) 
Man-o(-»ar fuh, 1507 
Aldnid biroitrUj 1418 
Manlldae, 17G1 
Mantidi, 1758, 1761-1763 
Mantis, Oriental, tyCi- 

‘763 , ^ 

praying, I76i>i763 
ManucodeSi ii8a 
Manul, 571 
Manx at. 561 
Mara, 36o-30i 
Maral lUg. 716 
Marwy, 571 
Markbor, 843-844 
A«or. 844 
lUinalayan. 844 
I’uajab, 844 
Marlin, 1589, 1394-1386 
black. 139S 
blue, 1395-1596 
slrif^, 1396 
wbile, 15^ 

Marmosa. 56-58 
Marmoiec, 159. 171-174 
common. 17$ 
pygmy. 179 
true. 17s 

MarmOKC tree mouse. 
340 

Marmot, 167-171 
alpine. 271 

hoary, syi-sys 

yellow-bellied. S71 
Afarmota coligafn, S7I 


Marsupial cat. 42-43 
Marsupial mote. 45-46 
Marsupial mouse. 43-45 
MarsupUI rat, aest-taile 


ManupUl tiger. 39-40 
Marsupial »otf, 38-40 
klanupials, 30-64 
Marten. 508-514 
American piae, 511 
black. 537 
European pine. 511 
Pennant's, 5ia-si4 

uue, 508 

yeiiow-thnuicd. 51* 

Maries. 508 

emericand. 511 
/Oind, SIS 
oiarles. 311 
pmndnii, 511 
ubetiind. 310 
Martin, purple. 11(5 
Massasauga. 13S4 
klastacembclid eel. 1482 
MuluophU fiegiHum, 

■SIS , , 

MdsUgfiproelat giganCeiu. 

Masiiguei spuiy. 1308 
MastMon. 8C6, 867 
Mastomyt, 336 
Macaco, set 
Maumata. itSo-itSi 
Mawa. 199-tot 
May beetle parasite. *989 
May By. 1751. 1780-1783 
Aldidmd, 736 
Meadowlark. ii49-i<50 
eastern. ii49-H3« 
wesiera. iitB-iiSO 
Mealy bug. airus. 1803. 


Afegoreryfe oltyo^t, 1081 
Megachilidae. toil 
Mnadermalidae. iil 
Alrgdldimo diiatwo. 1093 
Atdrntdcrpbdlo. toga _ 
tlrealobahathta /dpo"*- 
fus, itot. 1204. 

Mecotodocne /osrrald. 
iBGi 

heros, 1861 

Alrgolums polustni. 1139 
Aleganwromd caetoflid. 
igti 

Megapode. 976-9^ 
maroon-fumpeo, 98a 
Megapodiidae, 979 
iUgaf^i^ frtyaatl. 


lunalar, 1991 
Mtgoioiiut, 188], 1885 
Mtgasiomxtlebut e)prv 
nella, 1457 
A/efSlherium, I16 
Meiolania, itSo 
MelanorfeS piceus, lB6a 
AfeJanerpes erythroceph- 
alu 3 , 1095 
formicivOTUi, 1095 
Alelanogrdmrnus aegte- 
finis, 1503 . 

Mclanopatcm moxinii/i- 
am. itt4 

Melonopho)x, 929 
Meleagrididae, 993 
Afrfeagris gathpavo, 991 
Afe/es, 518 

t.UiieUnrul<$, 1100 
Aleliphagldae. 1145 
Melitx>nidae. eoio 
UtUfUt satyrini^ermii, 
>949 

Mtllwora, 52$ 
Melolonthloae. 1883 
Melophepu ouiniu, 1983 
HelopiUlotiU, 104S 
Mtlotpita mtlodia, n6t 
Meluttiu, 477, 
Membracldae. 1769, I797i 

Memlttnlpora, >879 
Menhaden. 1438-><S9- 

1540 

AfenUid fteryfiirid. >5«t 
menidia, 1310 
A/enura alberll, lilt 
supirba. ti20 

Afephiiis. 3*4 
tnepAnis. 5»4 
Merganser. 949-95® 
Aiiicrican. 9(9-93® 
common. 949 95® 
hooded. 949 950 
Merino. 845 
Aferiones, 330 
Merlin. 957 
AXeriuceiiit bilinearu. 


Meropidae. 1084 
Aferops aptailer, to! 
Mesue. 999 
Meionieetus, 518 
Mesocnaudac. 999 


All 




MU. 109-10* 

vkilneyi, 1059 
MictocAira, io;s 
Mierocwi*. idio 
MicToftlit ni^tes, jCj 
JUifTohjZi csro/meniu. 
»*J7 

Miaolcpiiiciptsx 19^ 
A(uTomofU<A« laneO’ 

itUromjt >R(E>utB*. SJI 
MicTop<i%on UR^uIe/k^ 
'Sl» 

M:erolmtu, 1041 

MUr^purm dcri^mim, 

tatmcida, 13J* 
Aficnr/ijjK icnonburjUi. 

AfitTorAopiof ^hiifwn t. 


^vAtru. f(t7 
AIuTOtnwfui, *54 
Mkroiatt*, ;$ 

MiaMar. s<S 
MKTuretifj rvf^uMlAu*. 
'SS7 

WMTiinn, ijij. «}0 
/Miw. ISJ7 

MiJsc. ijss. «9ir'9fi* 

SlU, 1^1 
prtr. If/* 

lySi-iyu 

tlMUAipiau. TaoSit, 
j6jJ i&Ji 

Mitk&ih. I47t-I4i» 
UUUx't (Auoib. iCo^ 


5*» 

MiiomIm'. 091V till 
.U<aiuj f^}(,l«tlo$, II 
MiDcr** cat (ocnUi 
4U 444 

Mtoittt. aiJiT. tiiS 
Uio^ V>»->9 
Amcitua. 504 

LoTopcM. }o4 
JipiacK. lot 


Miocene paioA, flAs. S67 
Uindae. 1&39. (815 
MirOi. i;i 
Mirikl&a. iGi>-i£* 
Alirownjs. £19 
.Vu£urBui forttlit, 
'Muusg tmLT M>'t4X 
MuuiujiiMAn paiod. Spa 
.MuticAl^i luionentu. 
t£<M 

Muilctoc bud. AiiUniian. 

•»« 

.Uunnciu. 1744 
Mue. »744'ir48 
cbncx. 1745 
itth. I71S 
red tpider. i;ts 
»ter. i;ts 
775 

Sirunioptu gifikni. 1871 
Ukiti. >671 
Moa.8i6.SA9 
Moooun. 1558-155^ t}4i. 
»j«6. ijrd-ijr? 

CSttMUBOUlh. 157^1577 

.MexKaa. 1577 

•w. «3I». 

»S^ »5:«-»S77 

MocioegUrd. 

MocOk ^ 

JkfoU mo^ 16*9 
Mo'ic. £5-95 
Amsicaa eaMcra gar- 
deo. 91-95 

Acfikan Mcuent px- 
den. 9>^9 
Birwer'i. 95 
Cape i;vU^ 71 
club-ULdcd. 90 
Europna. 90-91 
teen* |;oUm. 71 
forry-eiKMinl. ^ 
jnatic, 71 
CibU'. 87 
pidea. 7«-7» 
Kai/7-(a>lnL 95 
KaAOn. 519 
Japaime oini tbrew. 
8- 

btUr r4drn. 71 
mnuput. 45-48 
tnl trMtn. 71 
Kiukus nalcT. 8;-ll8 
th><w. M-e* 
^tadle-taikiL tft 
uar 04 


Unlunmarsa. i-A’SSt 
U<i*4ar. <6*5 


MolluiLs. 1691-1715 
Molly. 14SS 
ilolitmiot. P06-9C9 
Moloch hoTTtiui. 1507 
Mokxudae. 15* 
Molothrw tier. 1151 
5toa>o(idae. >oA( 
Jlomotu* sRomoU. 1084 
^tonacaniiiidae. 162* 
Monal. 9S5 
Monarch i,butlet8<)i 

i903-)904 

Monarch C)caccher. 1154 
Mon^rrA*. II54 
Monaad morptuxus. 


mh-eaung, 54; 
daaiC 54* 
par- W7-M» , 

achonuoeor 547'8f” 
toduB. 5(7 
ifaUgirf. 547 
toaiah. 54S 
nhiie-ULikd. 54S 
sbra. 54* 

MonUt bmacAf. 909 
Monitor, lii*. <184- 
1*58-1189. i 5IS‘'S'7 
tiahl ol (L n m n lo. 

1*58-1*89. i 5 i 5*<M7 

Nile. 1517 

Monihud. capuone. t«>9 
ilonlcy. i&»i95 
Amman. 140 

buhop. I9I-I95 

black hoohng. ltd 

ilmt. iCo-i6z 
Diana, i$;-i8S 
dog (aerd. lii 
Coropc'* «alT. 178175 
ptm. i7(. 1S7 
ttanuman. I9t-i95 
bote. I5»I5J 
Itat «9i>'5a 
laon. 17*. I7J-174 
Usn*. IT*. 187 
Nnr M'oeUL 160 
niebt. iGo-lC* 

OU M'ucU. i;( 
criraa (Tindcr'i. 177 

U.L M-»lb« 

{rtbbuM<A 1:5 155 >91 
loL ^ 

• >-(Ud<d' >66-16; 
unrd. »u-i97 
<p<dn. 11.8171 
Kjuurrt >67-i«-4 
1X1. iCa. I<i7-i<>l 
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wooUf spider. 171 
MoiiVey slug, igi? 
MonocenUidiie, >507 
Honoctnhus ^lyscsn* 
Ihuf, JJ55 
Afoiiodon, 397 
Muiiodniitidae. J9O 
Moomat. 74 
Moorish idui, 15G6 
Moose, 7it, 739-74* 
Alaskan. 74a 
Old World, 74* 

Moray, 148a. >484 
green. 1484 
Monlcllidae, 184* 

Morgan, C38 
MoTinoobt. 117 

Mormyiid, elecuic. 1475 
Alurpho, 19*1-1913 
Morphoidae, 191* 

.Morut Aauanur, $>0 
Alese/iiolA memina, 710 
A<m<Au 4 mescAi/enis, 713 
MotquKo, I7$3, 1933, 
I957-1939, , . 

common fflaUria. isje 
lali-nanli. 1938 
aouihern house. 1938 
jeltow-tever, 1938 
kloo^ulio liiti, 1489-1430 
Moiquito hawk, 1789 
Most animals, 1671-1874 
air fern, tC73*i674 
fern bryoxoan, 1673- 
1674 

hyaline cncruMing bryo- 


- 1673 
Afolarilld cinerra, 1131 
MotadJlidae, 1133 
Molb. 1731, 189^1901, 
i9*S-'93* 

ailanthiif, igs<>-i93> 
AUas. 1933 
bag. 194S-1946 
bagworm, 1945-1946 
brown-tail, 1848. 1941 
cauui. 1951 


‘95*. 

Cccropia, igiS-igtg 
Chinese silkworm, 1944 
cloibo. 1931 
oxlling, 1954 
Cynlhia. i9SO-«95« 
death’s-head, igi6 
emperor. 1933 


Moih, Sib. >7SS 
geometer, i944‘*0>5 
pape, 195* 
giceu (lug. 

CTpty. iSi®-'®!* 

Iiag. 1947 

hawk. ig*4 
liercule*. 1933 

hu mmin gbird. 1916- 
19*7 

impaial. 1934 
lo, >M»->93S 
IsabeiU tiger. >938 
lackey. 1943 
Luna, igsi-tgg*. >933 
Mexican jumping bean, 
•95* 

micro. 1930-195* 
nociuid. i937*>989 
old-fashion^ cloihes. 

Oriraul peach. 195* 
owlet. I937*»9$i) 
peach-ucc borer, 1949 
plume, 1950 

Polyphemus, > 


I ■v.iKu.u. igag-'M^ 
royal walnut. 1034 
uddlcback. 1948 
iilktrorm. igay'tgSf' 
t94S’»W4 

iphliw. I9»4< ‘9*5’ 

19*7 

auo. 193* 
tent. 1949 
itp». •9SS’«937 
(iissock. i939''9f' . 

Viigioia tsger. i9S5’>936 
water. 1836 
webbing cloibes. i95> 
uhile-bned sphinx- 

19(6-1917 

Hbue-ioaiked tussock. 
s9S9-»94® 

yellow emperor. igs4* 

>935 


Bfoinwi. 1080. 1085-1084 

esMumoa. 1084 

tody, 10*4 

MouOoir. 834 . . 

Mound budder. 978-980 
Mountain beaver, asf 

MouiMisi chiet IS** 

*35 „ 

MoDDtaln goal. 814- 


Mounlain goat. Alaska, 827 
Cascade, 827 
Columbian, 837 
Montana. 827 
BtouDiain lion, 573-576 
Mouse. 3Q4-35> 

African tree, 341 
American harvest. 305, 
307-508 

American wood, SOB- 
S'*’ 

common. 330-337 
crest-tailed pouched. 44 
deer, 308-310 
dwarf, 33>-SS* 
held or meadow, 303, 
307-508. 3413**, StS* 
3>7 


S'* 

liouse. 337-338 
jumping, 347 

kangaroo, S45’347 

leal-eared. 30J 
lemming. S>S-S*9. 
lesser wbiie-footed. 310 
little brown. 305 
long-tailed tree, 339' 




e, 340 


marmoset ti . . 
manupial. 43*45 
meadow jumping. 343* 

money (threw), 8} 
muUimammate, 330 
Old World harvetz, S3>' 

Old** Vorld wood, 33*- 

393 

pine. 3*4-8‘5 
pocket. 188-agl 
pjgmy, 505 

red-backed, 3(9 

scorpion. 311-3** 
shrew, 80-81 
snow. 3a8-3>9 
spiny, 305 
Mriped pass. 340 
tree, s<9 

vesper. 308-310 
water. 316 

white. SJ8 . 

white-footed, 505. S®®" 

woodland jumping, 547 
yellow-necked, 332-333 

Mouse beaver. 370-37* 
Mouse deer. 707-7>® 
Mouse bare. S3*-»35 
Mouse lemur, i47 
Mouse opossum, 36-38 
Mouse hjuirrcl, 267 
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MouKbiid, 107^1079 
Mouiiibir^a. 1^74*1573 
bUcL-diinned. I 374 *>S 73 
I^ixuin. »i7S 
MuJ dauber. *ono-t«ii 
Mud pupp). Iia 7 -li&® 
Mud tiicn. 1194 
Mud tuillc. l< 7 Z. 
ia73-ix;G 


Amciicaa. I4}t 
central. 14M 
Mudikipper. 139S, iCoi* 
1603 

Mus>l eepMtIut, >iij 
dobula, 1^0 
Muplulae. ijao 
Muubozul, suiped. 514- 
&>5 

3{ule. ODo^t 
Mule dm. 7$4-7SS 
KHithera. 733 
MulRar*. 44 
Mullet. JJ4-3S5- ‘S‘> 
13x3-1514 
ted. I5SS 
Uiiped. isi)*>3*4 
Vlullidae. 1555 
Uullui surmnlelut. IS3S 
MuaimWhog, i4S5-i4«d 
.Vfun^oi munjo. 548 
Muntueus, 715 
MutujaL. 715-715 
XurmuJaA 148* 
Murjsnlie hiiltioniet, 

■ 8ii 

Muiidae. lixi 
5funBe oponuio. 35-38 
least. 38 
5ltuTe. 1031 
Bruonkh's t03X 

^luiTclct. a noent . 1031 
mLscidur. 357 

Atuica domcilua. 1978 
.Uiumdiniu, 345 
Muidcapklae. 1134 
Mmddac. 1978 
Musetvora f&rficttia, iitf 
Musk ox. 743- fill- ^33- 
S53 

bUck-Cacsl 837 
Uudwo Bay. S37 
white-faced. 837 
Alulhellungc. 143a. 1433 
Mttiirai, 305. stt- 
^ .. 

Auaralian. 341-343 
norida. 3x4 
namd-taXted. 314 


'Sfuiiial'* (lice lat). 306 
MuiopKaga vtolatra, 1054 
Musuphagutac. 1033 
Alusquaib. 3X<-3X4 
Muuelaatkcr. 1349 
.Miuung. ^3 
AfuKcfe etmtaea, 493 
ft^rrttnaam. yA 
fmata. 49S. 499 
futo, yj 6 
lutirata, 504 
matndon, 505 
nignba, 507 
nualis, 499 
fmtoritu, y>i 
ubettca, 501 
fison. 504 
hfiutehdae. 493 
Sluilelt^ taUiomiatt, 

I4»* 

tanu, I4it 

UlUpuitana, 

AfuuUidae. xooi 
Muuoo bud, 9i« 

Muiioa bib. 1547 
itja aienana. 1707 
ityaJaitet taa-nundi, 

M)ar<^ erinitut, ittt 
Mycterx aotaruana, 933 
51 ydtidae. 1970 
itjias ilaiaiut, 1970 
herat. 1971 
luietpmnti, 1971 
Mjdas 6y, I 97 «»i 97 i 
.Mydeui. 51$ 

Mytaimpa fiotra, 1973 
Aljnab. 

.Uyorulor. 370 

Myodoeftw tnripa, 1814 

MiocDOrpha. tyi, 304 
Sijaprotta, 354 385 
Afyosnunu, *87 
Ujota, ix* 

Mynsiimala. 1714 
Slynopoda. 1748 
Uyrmetobiiu, 43 
Mymacocyaut, 1996 
Jiyi Dwivphago. X09 
Mi n nc o opbaeitUe. *09 
Mynuelcoiudae. <778 

Uys t a nna, 103 
hfyuketi. 413 
Myitron^s. 319 
Myiopoda, 103 


tiaenorhedua, 830 
Saja haft. 1349. isa 
nWoiMlevca, 135$ 


.V«;« haff. n4;«, 1531 
mpuoUu, 1334 

nii ta, 1335 

Nandi beat (hyena). 333 
.Sandidae. 1357 
Sennopftium /isrrui, 

.Vannosetunu, X65 

S'apetoiaput, 347 
NaxKhal. yAyj* 

Satalu iarvutui. 193 

.V*Xfi*,\s$9 

neln*. 13$7 
itptdon, 1338. 1375 
Natlci)ati. ixxo 
Naucceidae. 1B09. iSxi 
.VauCTclei ductoT, 154^ 
Naulilut. 1708-17x19 
chaiDbexnl. 17U8 
ppex. 170^17x9 
peadr, 1708 

.Vauidux bomptUat, 170# 
Ncandeitbal m a n , 14! 
Seeator amentanut. IMJ 

NrcTopiimiJ, 1833, 1854 
KuUrinia Itmata, 1147 
Nectarisjld^ Ii47 
.Vcctunu staevZoxut, >19? 
Needle bah. Atlantic. 
'45‘»*M9S^ 

NmuLhclfluntheb 1684 

N’aaauale. iCSa-iSSi 
gcldts. lUe 
A'emobiiu, 1770 
Stobaiaena, 4x3 
KtadttpaJM, tiBS 

.Veo/Wij nrbidaie. 579 
Seofiber, 3x4 
Neolilhic period. 14X 
Krnnarpha atuiirattru, 

1179 

N'eoniyx. 8> 

Neon letxa. 1453 
N'renymphe ewrytui. 

N'eop^oeaene. 413 
.Yeosepl rtynoid^ 131* 
Neatuia, 1143 

Xeotama, 313 
.VeMhunnui »«TO^ 
terul. 135X 
.Vepa, 18x3 
Neptdae. 1809. 1813 
Sereu, 1689 
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Neusticomys, 316 

New Stone Age, Mx->4S 
Newt, 1194. 1196. 1S03, 
1208-1x13 

great act^, 1x03, 

palmaicd, ixio 
smooth, itio 
Spanish. ixoS 
spotted, ixio-iiix 
waitf, 1203, >209- 

Ninfraga Columbians, 

• «79 

Nictetibiidae, 1983 
iVtciiV/liiu. 133 
Nighihawk, lodi, loCx 
Nightingale, >136, 1138 
Luropean, 113G 
Pekin, 1138 

Nightjar, 1035, 1061-1083 
Euryean, 1061 

Nilgai, 796-797 
Msnas, igo 



No-ice-um, 1960-1961 
Noetilclit wlrail, $71 
Noctitio, no 
NoculioDidae, no 
Noeiuldae, 1958 
Nuciule, 1x7 
Noddy, white-capped, 
10x8 

A'orncui gronni, 1397 
Noolbcngcr. 53-54 
Noirchis scuialui, 1359 
Kotharchui Ajpmliyn- 
eAu5. 109X 
Nothasaurui, 8G9 
A'otoiiiyx, 341 
Noloncctidae, i8og. 18x5 

Nolomis lioebitetteri, 


.Vofurua pauui, 1478 
Numbat. 43 
Numenius tahitieniir, 
’“•S , 

Numida melcagru, 994 
Numididae, 994 
Nunbird. logt 

white-bearded, logx 
se, gray. 1408 
.rraekcr, Claiks. 1179 


Nuthatch, ted-breaaied, 
«»4S 

white-breaaied. it4X' 
••IS 

Nutria, 370-372 
Nyala, 79X 
mouoialn. 79t 
Nyctalus, 1x7 
Nutta arandiWe, 1039 
N^clereutea. 4S* 
Nycterldae, in 
Nycterit. in 
Nyctibiidae, 1064 
Nyelibiut granda, 1064 
griltttl, 1064 
Hycticotax oyctleorax, 
9:9 

Nyttomyc, 307 
Nymph, igtx-igis 
common wood. 1913 
grass, 1913 

Nympballdae, 1644, 1903 
Nymphalis, 1907 

O 


Oarfiih. 1506-1507 
Obelia. 1663-1664 
OccantUS tatlfoni, gix 

Ocrenodroine leueorhoa, 

91X 

Ocelot, 568-569 
Oeheuna. X35 
OctuMonidae, X3X 
OcTcatuS undmvoodi, 
1075 

Oetodon, 37t 
OctodoDl. 37* 
Octodonlidae, 37* 
Octopus. 169*. t7ii-i7*S 
(latrdi, 1713 
Oimoruiofiu, 171* 
Ocjpoit «<5iV«ns. 17x3 

Odobenidae. 610 
Oiobenui, 610 
Odocotlaus hemionoJ, 754 
l/irgioMnlU. 731 
OdonaU. 1784 
Odonlocetl. 387 
OdontolabU akct, |8;8 

Oeca»(biu, 1771 

OteophyUa. 1998 
Oenantha ieucorTBoa, 

1197 

Ocstridae^ 197s 
Oeslna tmt, 1974 
Ogcocepbalidae, 1635 
Odbini, 1061. io 64 -icA 3 
Ojara. IST-'SS 
Okapi. n^6i 
OkapM fahratom, 760 
Old Stone Age, 141 
OlfcTua, igBx 


Oligoceiie period, 8C3, 867 
Oligoryiomyi, 306 
oiirigo, 489 
Onager. C6x 

OncTiocera volvulus, 1962 
Onalelis gcoS^oyi, 57* 
OncopeUus iascialia, 1814 
Oncothynchui gor6uit/ia, 
1448 

nrrke, 1448 
Ondatra, 322 
libelhicuJ, 322 
Onolragus ledic. Sot 
Onychomys, 311 
leucoeesKr, 312 

Onychophora. 1714 
Ount. 90-91 
Opah. 1506 
Ophlccphalidae; 15C0 
Opblcejt/ialus jinaius, 

Ophioioidei, 1587 
OpAioderma 6rew^iiium, 
16*0 

Op/iion maerunjm, 1991- 
'M* . . 

Opbiop/iagitf hotman, 

IS5‘- *85* 

OpbisauTUS verilralU, 

•*86 

Ophiuroidea, 1675, iC;8> 
iCSo 

Opisthocomidae. 977 
Oputboeamus beatin, 
Opisthuglypb*. 1347 
Opossum. 30-38 
{out-eyed. 35-36 
mourn. 36-58 
murine. 36-38 
VirginU. 31-33 
water. 34 55 
woolly, 56 
See alto Possum. 

Opiantu tau. 1651 
Oraai, 450 

Orang, iJ7> <99 «o>.„ ^ 
Orange dog {caterpillar), 

1917 

Oranguian. 137. i99 »o* 
Orcella. 409 
Orebniia ogilis, 1727 
Orcinus, 401 
orra, 401 

Ordovicun period, 871, 
OreaUurui jflfofciW, 572 


975 
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Otiole. B^iimore. 1155 
bUri-aipcd. ii;e 
goliien. ol 11^ 

InbelU, 11^ 

Wo>M. 

ScouX »15J 
«bite-tottd. 11;$ 
Oitolxlke, tl7S 
Oriolui albiXorus. nrfi 
(Ai'nnuu, 1174 
ualMUInui, ilT^i 
otioi^u, 1176 


Omitfujrhy'uhtu, gj 
Or^>cik!uU. 

OrpingtoQ. 990 
OrUlis 98) 

Ortho^nilit thjtttpieruj, 

•SiS 

Ottbopters, 17A^ 17S9. 

17O6. i7®'> 
lons-honied. 17^ 
thon-bomaL I 7 «yi 
0rtk<>iam4 

Orth«<9BtttS 

Orj<t^*guj, *31. 

*40 

ruamfuJ, 14$ 

OtTT. Sos-807 
biost-ar. S07 
•bile. Stf 7 
Dry* gsulU, Sos 
Or^wrfi. 305 
Oihomiciis, 541 

Osofc. 187 

OtfhrvneBiiu g^amj, 
1561 

Ojprer, 974-973 
OuanopbTti. 1435 
Ottdcbtbtes. 4101 
Onraciidae. 1614 
Ottncodemu. iioo 
Oiirea edults. lyof 
PjtsnUa. 1704 
itrgiitUa. 1704 
Onrodae. 1705 
Oscrkb. 6S6-SS9 
African. Sao-&|s 
Soalb American. 8S3 
See also Rbca 
Ourlkiae. Con 
Oudidaa 1003 
Otia taria, 1003 
Otoialobvs tnoiii], 431 
Olocons aJpalnj^ nti 
OioCTtnt. 45® 

Olaiays, 541 
Otter. S5«-SM 
cUvleo. 534 


Otter, Eumija. 534 
fiit-uUcJ. 33 ). $34 
fUnl. S 33 . 354 
rUnt Aincui. 334 
biirj-oateiS. $S4 
Sortb Amaxaii. 330 
*ea. SS‘- 35 » 

Otter cat. 571 
Otto «!»«*. 34 >' 34 * 

Ouer (b/ear. 70 

Otuf «u®. 11^7 

Ouituli. t73 
Ounce. S 79 -SS® 

OurrbU outebi. Sty 

Otuel, wato. 

Otesbiid. iii&i>l7. il$0 
Colombian. (117-1(18 
pale-legged. it(6-i(a7 
South Amexkan. (((7 
wbler. t>y6 
Oi-iSm mMthaiMS. <3$ 

Ovis emxon. £$( 
dalU dajli. Sy> 
iaSU ttoftei, 8-50 
miuimon, 874 
orienlefu. 8^ C$4 
tienri. 8$$ 

0«l. 95 L ie$ 5 ->c 6 e 

bain, lote 
banel. 


great tnr- »®39 
great banted. $7X (0$** 
ioj8 

LapUnd. 1079 
tDoakcT-Iaced. toCo 
(oecch. i«37 
(htKt-cared. 1079 
tQ0V7. (039 
(pottcil, (pj9 

vtuiev 

Owl moolcT. i6o-(Ci 
Owl paerol.' 1047 
Owlet bogmooila, (063 
Ox. 7C3.780 

775-774 

gt»r. 77C 

Ind^Oiioese (drat. 77C 
Diub. 743, 6a4. 833-8^ 
polar. See 3liuA ax 
Oabird. Africaii. 1169 
Orfbeht eersem, (347 
Orjpapn gweriiu. 1073 
OxmtPciJa*-. 1113 
OxTTwncw cTUteiwi, ( 1 1 3 
Orpm jeneieeiuci. 931 

OfMO. (703-1703 
Amerwas. (704 
csDimoa. 1703 
Enn^Kan. 1704 
lipanae. 1704 
port 1703. •;«« 


0((t<T, Portuguese, (704 
Oi(tef catcher, icot- 

iat4 

bJacl. (0X4 
common. 10x3-10x4 
OtMcr oab. 1705 
0)(ier-(bell (cale, 1 S 07 


Pad. 303-S<l<> 
lal*e, 363-366 
ipoitnt y>$ 

Pacaratta. 563-366 
Pethyeephala. 1134 
pectoralu. 1154 
PaehypcM oiui, 1943 
PaeJnptda belehen, 9>a 
Padhe midibipman. 1633- 

Paddt orfihvfa, ti66 

Paddle bib, 14(6-14x7 
Pegodrome nc<«, 910 
Pegunu loniiesrfut, 

»7*5 

Painted Udj, tS 44 ' * 9 ‘ 9 ’ 


a;xS 

Palaeourachi. I7i4« '*<9 
Palaetngine. 759 
Pclecmie lemeie. >945 
Pakwxne poiod. 86^ 669 
Pakoliihk period. >4X 

1649 

Palccaotc era. 664. 669- 
871. 

PaUnami. 1719 
pallab. 8xi-^3 
Palm chac. 1(71 
Palomrla amilliata, 1397 
palomino. C36 

pSiT^xC. 470, 489-15* 

gixDl. 4x6, 4S9-49X 
les*er. 479- -tS* 

PandaJiA pygmaea^ 1600 
Pasdi-tolJtB {pig-t*t)- 
55 * 

PaitdiOH Kaliaelut, 974 
Pandkeiidae. 973 

Faaarpn eonsnunii, >83$ 
nefruZoia, 1S33 
Pancepidae. 1S33 
Panther. 375-580 
blacJu 379 
PcnlAera tea. 380 
nebuloio. 579 
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PanlliololiS liodgsoni, 

8*7 

I’anlolambda. S68 
Panunu, iijS 
Papilla a/ax, 1918 
aittrias, 1918 
bairdii, tgi8 
cresplionus, >916 
daunui, igi6 
glaueus, 1916 
niachaon, 191S 
marcellus, 1917 
philenor, >918 
/x^tmnuf, 1918 
pohdamui, 1915 
pofyxenei, 1918 
</io<u. 1916 

iTOlluS, 1918 

tumux, igi6 
iilicaon. 1918 
PapiUonidae, >915 
Tapia. |8| 

Paraduata ape^o. iiBj 
rudelphl, >184 
PVAdlsacida«. 1181 
ParadiK Hah, 1559 
Patadiie whydalC 1165 
Paradoxurus, 541 
Pinkest. Carolina. 104s 
Terel((/i;'iP)i dantdtui, 
1615 

I'aramMUMi, i6ji 
eauddtum, 1851 
Taraonyx, $34 
Tararnfopr, gj 
Parasol ant. igpS 
Paralenodera jtnrnriV, 

1761 

Paraxcrui, 187 
Pardalolus. II49 
Fardoltlii marmorate, 

57» 

Pariaiaur, 8G9 
Parldae, >141 
PaTolla lawesi, 1185 
rarrot, io4i'io47 
Alriean gray, >049. ><>45 


104$ 

o»l. 1047 

pjBTny, 1044 

racLcl-Uiled. 1043 
shori-taileil. 1046 
Patrot-bill, 1138, nCd 
Parrot Csh, 1570. 1578- 

ijBi 

blue, ijBl 
radUnl, ijSt 
Parson bird. 1143-1146 
Pailridge. 

European gray. 984-985 


Partridfie, IlmigariaiJ. 985- 
9S6 

See alto Quail 
Parulidae. 1141. tigs 
Taruf atrieepii/M, >141 
bieolor, 114* 
eaerutu]^ 114* 

Pautig. 641*84* 

Tora-f^ 1*87. 1500 
patsaiidae. 184*. 188a 
Toualui rornutus, 1B81 
Tairrr domaltcn, > >64 
Pasurtfonnes, ilo* 

Pastor, rosy, nCg 
Patagoite gigas, 1074 
Paul. 19U 
Patnolelii. 867 
Pauropoda. 1714 
Tauxi, 98* 

Pavo cnilaliu, 987 
Peach-tree borer. 1919 
Peacock. 9B7-989 
Conga 4 

Peanut bug. i79y'T9* 
Pearlfitlw 1587 
Peba, »i8-*i9 
Peccary. 680. 690-691 
collated. 691-^ 
whi««-bpp^ 69* 

Peetrn itrodianr, 1*^ 

magelteniou. >7®® 
Tecttnaria, 1691 
Pedein. 30$ 

Pedetidae. 304 
pedicuiail. 1636 
Trdiealur eapiM, 1850 
ftumanur. 1830 
vrslintenO, tBS* 

Pedioecela phananellut. 

99' . 

Fedipalpl. 17SS . 
Peeper, spring. i*3* 

7>;ram)>a vitw»a» '97* 
Petan. 511-514 
Peking man- '4* 

Tefamu pMurvt. 1300 

Pelea tantalus, 803 

Pelccaniue. 915 
PelecaDiforme*. 9'S 
PeUcanoides gomolt. 919 
Peiecanoididae. 9»J 

PeirrmiM 
tAM, 9>4 
eaidentabs, 914 
PeUcinut polylarater. 

>989 

Pclecypoda. 169* 

Pelican. 9iS‘9>5 

bronn. 914 
nbita 9i4-9>5 
Pelmalakydta, 1663 
Pelom* Jack. 40* 
peluda >*9 


Pcludo. baity. *23 
renew brasiiieiiJ'J, 1728 
seli/rrw, 17*8 
Penguin. 1^7-gon, 1033- 
1034 

Addie, B97. 898 
American jackass, 900 
emperor, 897. 898-900 
irnle blue. 897. 900 
North Atlanuc. 1035- 
1034 

Pcnnetula eculeala, i66g 
grandi'r, il><>9 
Peniujlvania period, 870 
Peniasiomida. 1714 
Peniatomidae, 1S09 
Pepper-shrike, 1149 
Fepsii, 1759 
efegaiu, 2«’4 
formota, B004 
obligvrrugBtt. *003 
PeremtUh 47 
Peramelidae. 46 
Terra pavtsetns, 15*7 
Pritesoca. 15*0 
Perch, 15*6, >5t7'>5*8< 
153$. 1587. 
ocean. iColi 
SaCTaineiiio, 1333 
yellow, i5i7*>A*B, iSS7 
Percheron. 835 
Percidae. 1517 
PrrHna eapradtt, 1519 
Percoidel. 1517 
Terdis perdi*. 984 
Ptrietocolia, il>6 


Perissudacijia. 866 
TerflAemu domila, 1788 
Permian period. 869 
Terodicdcw. 155 
TerognalAw, *89 
Teromysrw, 308 
Tefeurixa, 184 
reuuriiUnae, *84 

Pcttel. 1*6. 909-913 
giant, 909. 910. gii 
Jamaica, gii 
Lcacli's. gil 
least siocin. git 
Petunan diving. 913 
snowy. 910 
storm, 911-91* 

4Vtl»n's Siofin. gi* 
Pelrocheltdan elbitraiu. 
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Piltomjzon marinUM, 

lies 

I'eucv. wcpod. tilt 
Pnaphtp! loUlariui, 103;) 
phtuitfhofTut aethi^pUiit, 

rhwihon, 5iJ 

UplUTut. 9*5 

nibrueiuid. 924 
rhicthootid^e. 923 
rhjiiwi>cpU. Mnican, 

Phataootundilje. 913 
Phala^rocoftx hau^tintnl- 
Ifi. 916 
<aptllatitj, 913 

PhdJaenoptilus nululli, 

PkAUngrr, 48. 5a 

rh^ogo-. 51*37 
Cjuifr 5«-SJ 
gteit eytJJg. sS-s; 
PluUngcTkdae, 48 
PluUnsudie. 1733 
PtaUrt^ teotati 
nortlMni. 1020 
red. iota 

Wilion’k i02»i«ii 
PhiUiopkljdte. 10(0 
phelateput /ulironur. 

Pharomathrut moctnee, 

•*n 

PhvTt^osimlu. 1370^ 

•sr9 

Pfuacojflle, 43 
Ptiucc^de, bnub-uned. 
43*44 

Phatrolarctat, 34 


Pltaiiaaui roUhieui, 9SS 
Phaicolomidie, 58 
Pbaieotomis, 57 
Phauas spUndi^uia, 
1874 

phatant. 97^987 
argni. 977. ^-sSa 
blood, 9S3 
attumoa, 0S6 
goldai. 9S6 
Impeyan. 9S3 
LadT Ambent. 9S7 
ocellated. 

Rg i r n r'fc 9^ 

nog-oecud. 9S5 
umkieg. 977 
waUT. 1031 
Pbeatast riTr\n^ 

PA(i/ttI glMUCUSf 1968 

Phenacoavs aceritola. 


rhenacodut. 863 
Phrttatvinya, 329 
PhnieiUua Itidaivianui, 

1264 

melmaeephaJut, 1164 
FMaerttt a«om. uCA 
PhiUndn, 3y36 
riulrpaita. ummoa. tlt^ 
Philtpatlldae. 1103 
Phtl^tla nu"OT, lolt 
Pktlosamta tyitlhia, 193a 
Phltbntomut. 1957 
Phbbp caC 3*9 
Phoca gtanUn^ua, £14 
hUptda. 613 
ittuhna. 6tt 
Phofaena. 423 
Pboctenhlae. 413 
Pfiaeaenoidat, 413 
Phoridte. 612 
Phoebe, till 
Phaenieoparrtu. 95S _ 
PhoetiUophatvt avningi, 

1050 

nprrnVattu. 1050 
Pbaihiieeptanu niber, 

W 

PheeQaetmu, 1137 
Pboeru. isft-is^ 
P>tor6ia brsoteoe, 1978 
aeprtarxim, 1978 
fitieieeps, 1978 
ntbima, 1978 
phoiiHut, 1874 
PhotabUpharva palptbra- 
lut. tyo8 

PhatophOTuS. 1870 
Pholurvt, 1874 
PftrTtwuonM, 1(9^ '^5 

PhlhiruM in^urneZif, 1830 
Pbyaiadat, 1906 
meteu, 
lhans, tyai 
PA^rodwruf efiiet. >315 
PhjtUum tejiha, 1765 
Phyllobates. 2233 
PA^Uodore taintitia, 1690 
Ptnllampuf borralia 
ten’ucolfi. »i» 
PinnoHomaitdae. 113 
PA7>7a*(omui, liS 
PkfSalia patagaa, 1G64 
PAtirtee. 337. 390 
Phnemdae. 391 
^jtopAaga, i8ts 
datrmior. 1961 
Piaya aajana, 1030 
PUa piea^ 1179 
P^hiciago^ 9 *t~*** 
gream, zzz 


PKiIormo, 1090 
pKierel. 1432. if33 
PuLeicI frog, i«8 
Piculd, 1097 
Ptendae, 1919 

PifTU bratutaa, <9>9 
tnontule, 1920 
tiapa. 1920 
pTotodite, ■9I9* '8^ 
rapaa, 191^ 19(0 
Pie. 081-692 
AfiM3n buifa, CS6-6S7 

beaidciL CaO 

fCTouoJ, STS St* ^ , 

See aha Hog. UuJ 

l»‘^r 

Pig deer, Celcbci. 685-6» 
Pigeon, 1034-1039 
antet, xoy6 
cjDWTird, 1038, 1039 
domestic 1033 
homing, 1036 
Nuvhar, 1039 
pauesger, io36-ioS7 
See alta Dote 
Pigeoo hank. 037 
Pigfoa bornuil. 19S8 
Pigfuh. 1348-1349 
Piia. 2S<->3S 
coliaicd. 133 
pnT'haded, 235 
Hlmalajaa. (33 
littkr thief. 23S-233 
Roelp klountam, 233 
Pile. 1451, i432-i43> 

1328 

FilcpcTch. 1327, 131$ 
blue^ 1328 
Tcllov. 1328 
Pikhard. 1437 
Piloe bih. 1341-1542 


Puigtunur impenrur, 1033 
Pioolpeda. 399 
Pinnotheres astrrvei. 

Pipe pipa, 1219. >>38 
Pipehsh. I3I4-I5>7 
ooTthen). i3i6-i 3>7 
Pipidae. t$35 
Pipiurdle, 112. >26- 


Spngue't. 1133 
uimr. 1 151 
Pipra mensahs, lico 
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ripridae, iioG 

Tiquero. gso 

Piranga ludovtciana, 115* 
oUvacea, 1158 
Tvbra, 1158 

Piranha, 1409. i4J5- 

I470-I472 

Pitanicu, >435. I44*> 

Pil viper, isbo. >36y>57* 
bamboo. IS75'‘37® 
Dunn'i, 1375 
e>eUih. 1375 
palm. 1375 

Pilhecanihropul ertctiu, 

«4» 

PtiUcna, 163 
PilhciOphaea, 967 
fhJikyi albijronj, n»5 
PiHa gnajaiifl, >»0S 
iUerti, U05 
lupttba, lias 
PUU. ti04-»“>5 
ane, 1105. ui4» “'V 
iiiQ 

b1u«-iaUed. »as 

Reen breaated, no4 
New 4\'orl(l ant. iios 
Sieee'i, tins 
aupab. nos 
unduUied anl. »i«« 

Se* elio Philepitta 
Fiuldae. nos 
Puaephtt, 13*3 
caleni/er, >S4t 
rnelitno{ev<v4> *34S 
Piiymjt, 354 

PiumTX, 114 

Pla«.tpde/fa peranlica, 
1691 

Placodu*. 8O9 
Plaice, 161s 

Pfenario, i684'i68s 

Plant iice, i8oi'i8a3 
Plantain cater. 1053-1055 


malariae. 1651 
vivax. 1651 
Plataniita, 4“> 
Plalanislidac, 409 , 

plalhemii Irimatulala, 


Plaijliclminthes, 1684 

plalvtuonr 

Platypot. ducibill. *5" 


Pferolui, >28 

euarouM. 9St . . . 
Pleiiioeene peiiod. eo*. 

868. 87a 

pUlhodoH iincreus. Mgg 

i;{u( 4 ro»u. iigg 
u’lkrUi Ax«» **95 
plelbodootiJae. i*»7 
pltuTubfathia pileat, 107* 
pleutodtles waitl, 1*08 
pleuTodelUlae. tioS 
Pleuioglyph*. >34* 

Pleuronettulae, luiS 

phoccue Age. 681. WJ. 
ges 

ploceidae. 1164 
Piectus, it6j 
Plover. ioiS->o'7 
crab, ton 
golden. 1016-1017 

mUeer. 1017 

piping. »oi6, 

Katiled. loil 
Plum coteulio. 1097 . 

piurUlu dooiinira, 101# 
piunanua. lOig 
PI, mouth 

PncumolopAoru* dwfio. 

Pocket^gt^her. *84-**® 
Cheme'a. *M 
cbesuiui-faceJ, a8» 

eaitnn. »M 
wetiem. a87-»** 
pocket moute, t8»-*9i 
Oldornia. 2*9 
Ercater *9« 

Tewer tpinf. »9» 
little. *09*90 

Pacific. *89 

.piny. 

poduur. 

pocdiiKloo- MBs 

Poecilacapjut ImeatuJ. 
1816 

paelagui, *43 
poephag" 

Poeonio* cromi^ «55S 
PploniMlua ftylhanotut. 

6 . •'^1* 

PotaMKSv 45*' a*""' 
475-477 . 

Polecat. 505-50*. - 
common. 5*^-5^ 
dOBMaticated. 5o6-S“7 

<*OBk). 5*9. 
Pcd.ocrpMli« dommieoi. 


roIicplUinae, 1141 
Poluiti. *000. *oo6 
annularis, *006 
aun'fer, »oo6 
pallipts. too6 
Irxanur, aooS 
I’olisiidae, «oo6 
Pollack. 1500' >50' 

PoWenia rudiJ. 19®“ . 

Potyboras c/icriway. 958 
Pofycirm* cximi'**. loSg 
Polygonia, 1907 

Polyiiemidae. 15*0 
PeJyadoB spalliula, 14*6 

Polyp. 1661 _ „ 

Pomacamliidae. 15O6 

Poroacciitndae. 15^ 
Pomadatyidae, 1548 
Pomatoniidae, 1541 
pompacUiur chaiteier, 

1109 

Pompano. i5*8r >S4t« *54»- 
IS4S- >59^»597 
California. 1597 
common. I54*’‘54S 
Pompiiidae. *oof 
Pond-ikattr. i8«0 
Pongidae. 196 
Pongo, 199. 

Pony. 653, 655 
Indian. 653 
Shetland, 655 . .. 

PoorwiU, 1061. >«6S'*SJ 
pflMaS dil/Biicfu*. >»»• 
PepiWia ja^ntta. l88» 
Porcupine. S5''S59> S**' 

brui^-tailed. 354 
Canadian, 355 

crested. SS1-S54 

eastern. 357 
long-iai'eJ. S54 
North American tree. 

9S4-S55. $56-3.57 
Old World. S5« SS4 
prehensile-tailed. $58 
ihoit-iallcJ. 558 
South Atlauc. 334 
thin-ipined, 359 
tree. S54'S55- SS® S57 
weticrn. 357 
Porcupine lish. ibis. 
iGtg 

ss,;;;’— 

, Porilera. 1656 
Ponies. i6;l 

poranatus tr, acanthus. 
PoTph^ula marlinica, 

■009 

Porpoise, 4tt’4t3 
' black linlcts. 4>3 
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rorpoUe. Dall'i. 413 
haibor, 413 
5<e alsa Dolphin 
Perthetria dupar, 1540 
rcu(ugua« nua-of-trar. 

1342, }C6.(-iG(j6 
PcKsum. 43-57 
Auwralun, or ralpic^ 
5« 

brush-tail, 50-51 
green, 56 

bonfj. 53-M 
ring-tailed. 56 
ttnped ring-can. 56 
See also Opossum 
Petamoehoerus ^oreui, 
636-C37 

Potamogale. 70 
Potamogale vtlax, 70 
potamc^alidae. 70 
Poioo, 1061, 1064 
giant, 1(^1. le^ 
great. 1064 
Polos. 437 
eaudn-olvulus, 4S7 
Potto', heath, aooa. 
too) 

potto, 155-156 
cocnmoo, I55>t56 
golden. 156 

Prairie rhtrten, ^5-996 
Prairie dog. 073-174 
bUdt Uiled. >74 
•faite-uiled. 174 
Prairie p ig eo n , ic^ 
PratiocoUv loii-ioia. 

1019-1030 

fomntoq, lOi^toM 
Prawn. 1738 

PtaTing manUs. 1741-1763 
Prejhjfu, t9»i9a 

Piimaio. 137, 140^ i6(V 

•05 

See Ape, CuropatLxee. 
Corilla. hfookey, rce. 
Priodonles, tii 
Prion. Ihia-btlled, nio 
Prionoilurus befigalrnsii. 


PHonotus eeroliitiu, 1609 
Prionus UlkoUu. 1S80 
Priitu prctinatus, 1416 
Probosodea, C30 
Probowigee arefrinuj. 
1044 

PtOCMStO. 631 
Prucatixlae. 649 
Pie<ellarii.l^ 91a 
PraerlUtuloracs. 906 


Procnias alba, sioj 
trieentiscuiota, 1109 
Praejon. 480 
lotor, 481 
Ptocyonidae, 479 
Pro^timjs, 371 
Profelit tesnmitsekii, 57 ■ 
Progne nbis. 11x4 
Promierops ilaSata, 1537 
Promotegur. *43 
Prenghom. 761-7^ 
Ptopithecvs, 148 
Presinuitium lulvusst, 
1953 

nirtiper. lySs 
PsailhemoAeta, 1145 
PteiUlet flrutelul, 557 
Proteroroic era. 664. 6^t 
ProUKhotilate. 1394. 
1403-1403 

pToloparce guiaquenaeu- 
lose, 19^ 
xrale. 1916 

Proioplents ansieelens. 
« 4 ** 

Pn»tospood)U. 1436 
Proioxrrur, a66 
Protoeoa. 857, 871, 1645- 
165$ 

PscmmoeAeres error, 
toog 

clitr, 3003 
miratutiu, 3003 
PHaaMtharidac rana 
Psosdalopex, 453 
Psrudemjs smpla 
terxpta. 1163 

Pseu^bronthui^ ■■ 04 « 
1198 

Pieudaecljplomoena, 

M03 

PsTudoeeraiSes pe^ucus, 

1363 

PteudotAtins. 56 
PsrvdococcW olri. 1804 
Imfapimotus. 1804 
Psettdohsje goUi. SSjS 
nipa. «Si* 

PseudosS nojattr. 85a 
Pseudanst, 3|i 
Pnudoplnroeuttet 
omeruanus. 1617 
Psetidarta. 403 
Psiitatitonoa. 1041 
Psilueut entkactu, >045 
Psoodae. 1834 
PlopAia crrprtafu. loor 
Psophudae. iioi 
Prychidac 1945 

Ptyehodidae. 1957 
Punoigao. 997 

roct ,997 


Ptarmigan, While-laiUd, 
997 

wiUow. 997 

Plenopus gorrului, 1330 
Pteranodon. 668 
Pleridophera alberli, li?5 
Pietiidae. 1704 
Pieroeera tambis, S7«J 
PUTOclidae, 1041 
Plerodioma fomoicensu, 
911 

Pleroglosnts totqualut, 

1099 

Pteross voluons, toa^ 
Pieronura. 534 
Plerophyllum eimeiei, 
•575 

Pteropsdae. 103 
Plerepuj, 104 
PiertMauta. isos-'S®!- 
1308 

Pierostiehus, 1848 
Ptilonepus, 103S 
Ptiloootbyoch^e. 1167 
PtUenothynehui, 1186 

PljchoebeiJus lueiut, 1456 
pudu. Cadleaa. :iS^S9 
Puflbird. 1090-1093 
blach-enUared, 1091 
Sonapane’t. 1091 
tanse-biUed, 1091 
rwallow-wing. 1C9* 
PufiCT. l63t-t633. 

1636-16x9 

deadly death. i6x8- 
1639 

twrtheni. 16x6-1638 
Puffin. ID3X-I033 
Atlantic; 103X-1033 
• homed. 103* 

Putu. 600 
PiJrx tmlanr. >984 

Pulfinarta innumrrabilis. 
1806 

Puma. 573 -s ;6 
Puma coneoUrr. 573 
Puaptinieed. 1533-1555 
Puniy By. 19601^1 
Pycxiogonida. 1714 
Pymnnoi iliac. 1 irS 
Pyertonofus goitfi'icr. 

1137 

Incolor, 1117 
Pjgoseelts adetme, 698 
Pyrameu aloUnta, 1910 

^cardui. 1909^ 

Pyroerpholus, t n f 
pyrophorut, 1869 
PynnocDridae. 1809. iSm 
P rtboo. 11(1. 1337- 
1318, ISJS 'SM 
Indian. >339. isjt 
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Python, M«ican. »3»8 
Queensland, ijag 
reticulated or re^l. 

jjiS-ijag, iJSi 
rock, issg, ijjt 
See also Uoa 
Python amelhystinus, 
iw 

molunis, Ijag 
rrtintiudu, ijiS 
sebae, ijsg 
Pjlhonlnae, 158? 


Quagg;a. GG5 
Quad, 983-985 
button, 1007-1008 
common European, 9B4 
migratory, 984 
See also rariiidge 
Quetul, 1077-1078 
UuUlback, 1457 

Qultiul. 5t4 

Quucalua fuircttio# >15* 


Rabbit. i30-«47 
Angora. ist-as< 
brUr, ai4**15 
brutb, t45 
chliichlUa. <31 
common European. *Jt 
cottontail, 238, tjo, 
*«-«4S 
dcaert, 245 
eastern. 245 
Flemish giant, 231 
iorat. 145 

Idaho pygmy. 245-240 
jack. 256, 238-241 
Nteaican pyg'ny. 246 


pygmy, 245-240 , 
pygmy Idaho. 236 
rock, 232-255 
inowshoe. 232. 236, 
241-242 
Sumatra, 247 

true. 235-236. 246-247 
See also Hare 
Rabbit rat. S|2 
Raccoon, 4'a-482 
crab-eating. 482 
Raccoon dog, 452 
Racer, >343->St4 , . 

Rarkettail. wliiie-looicd. 
1075 


Rail. 99#-999. »««*-»*“ 
Benscbl. 999 
black. twiS 
clapper. 1009 
glass. 1010 
Iceland, tom 
Sebomburgk. lou 
lora. 1009 . 

Wake ItUna. loi* 
u'ood, 1010 • 

Rain WfE 
Rainbow fish. 15*9 
naia, 1415 
Rallidae. 1009 
nsiUna euntonoides. 1010 
RalJul aqualitiu. 1010 
loHgnottnt, 1009 
(orouoiw^ 1010 
^msis, toio 

RamphasliJae. 1098 

Itamphoitot loeo. 1090 

Rana. 1219- •***' 

1229. t*$7 
capita- ••J* 

catrtfiifiaiia, 1229 

goiiaiA, 1229 
grylm, «»»• . 

paiustrur. 1229 
tyfvoltea. 1228 
/laiialra, 1823 
Rengiler. 743 
arcdcui. 74? 
canfiau. *49 
(arandus. 749 
Rjnidae. *228 
Rephiterus campc*'"*- 

^817 

Raphidae, 1040 
Rasboro. red. '4*' . 
Rasboro bele’0«'o’r'“- 


Rat, aested spiny. S7» 
duarf kangaroo, 194 
fish eating, 3>5-S>6 
Florida water, 324 
giant, 340. t364 
grass, 34a 
gray, 554-3S5 
great sand. 3$® 
greater canc. 373 
house, 334-S3a 
kangaroo, 292-294, 

34* 

lesser cane. 373 
Mediterranean tnoie, 
950-351 

mole, 550-35t. 373, 375 

mosaic-tailed. 340 , 
nest-building rabbit. 


•461 
Rasse. 54* 

Rat. 3®4-35' , 

Alrican pant- 34* 
Afrkan inoie. 375 
AlexandrUn. 335 
American kangaroo. 34 
^eatt eight looilicd, 

antelope, JPv 35" 
Australian water. Sl»- 

35»-S5«* 373 

Kf,SS.3'Sa..».. 

bi^n, S34-S3S 

Imshpiailed. 915 

cane. 373-374 
case. 313-3*3 

coHee. SI® 

cotton. S<»4« S**-S*S 

aest-lailed mariupiak . 


34* 

liesir Guinea water. 

54* 

Norway, SS4-S5S 
pack. 5‘3-S*S 
pygmy rice. s°6 
nbbit, 34* , 
fic*. snS-Se* 
roof. 335 
und. 53® 
spiny. S7»-S7* 
swamp. 34* 
trade. S‘S-S'5 
true. S33-SS4 

Imp**' 505- SO&’S®? 

wander, 334*535 . 
water, 365' S'S'3'®' 
S*fS22, S24- 
342-345 
vibail. 334-355 
wood, 305- S'S-S‘5 
Rat kangaroo, 59-<'4 
Rat snake. 1346- *347 
green, ISI® 

Ralel. S»5-S»4 
Railiae. 886 
Rauies, 8B6-B94 
See Cassowary, 

tawl, Moa. Rhea. Os- 

Rallail, isoo-iso* 

Raulonakes. 1*91. *S*3' 
13*4. *345. ‘Sei- 
156s. ts79-«s87 
Aruba, is8s 
caiicbrakc. 1383 
Ulamomlback. 138*- 

1383. >384 

ground, 1581 , 

Tiomed. i»9i, *8«'" 

isCs 

long-ulled. 1384 

Mexican kVest Coast. 

, *383 


INDEX 2051 


ViWe. y>*-5M' 5*7 

iludvui Djt> 5<< 
Kuwun. 

S»ble »iue!oj«e, iWij fc»4 
*w!>>c liih, iimi 
WroUimut ftll. io 8 -l<>J 
VjtltllcUicb (tiiril), nto 

>917 

S4c«i.tf. iMj 
lu(Uf. iW>) 

5iRe hen. i/fi 
StRilUtllilir, 0*3 
.'uteilf«nw, 075 
.Virtu /u/’Iuna. ifo* 
SjRlillM, iho* 

Siiit*, R>S‘l 5 n 
Vilea tafanra. It> 
54<lhvh. I53<->593 
AtUniU. iS0i'*S9S 
ra<if>t. >591 

SaMrl, 

Sail. > 03 -l«« 
SaUminder, 1193 . i>04 
ailioirat, 1190 . ><«>• 
iii 4 -m 7 
hU(i. iwi 


3I0U11I Licit. ii9'>-iI97 
Omk blind, iigs- >>90 
piXiaf. 1101 


$«larnendra clra, 1*01 
fnacuiosat stoi 
la/amandrit. ItoS 
.SaUinandrldac. iinS 
Salicnila. 1103. itig 
Salmo claritt. 1444 
gsirdnrri. 1443 
joler. 1440 


Salmon. Pi«b«. >44* 

{■ink. i4«> 
ftd. 

MLr}r. 144^'IW 
Stltnott flr« >“*9-'79» 

SaltnonUUr. 143* 

Salltcui acaauM. •74( 

Vthfbaul iiaina><i»»*i. 

IM7, - 
fanitnaii*. ■4t* 

Sambar. O**-;*® 

Samia rtttvpf, >9»* 
aursa/ta i9>0 
tliAfi, ■9>9 
Sanitr*. •♦SS 

Sar>d boB. >7*7 
hunip>r-d«»“P*7* '»*7 
Sand dollat. 

«7«0 

Sand ttK >7*7 ^ 

Sai«l flr. ^ 

Sand pon*a. '<*35. **>*■ 

■U41 

ratUa'*. »*4» 

Sandplpet. ««•«. 
leaau 'O'S 
potinois"* >«>3 

tpoiicd. •••< 

Sfi alu 5nlp« , 

Sj,„i arorro. io*9> 

X-O* - 
Sanffulnarr 

Sappiw wn^b i®75 
Sapph® ,p*rsa"»^»0J» 
5ap*u«k«». io 95-'®9« 
Sjieo|*a****'- >977 

SctfophilM. 4M* 
Sarropirt acatiri. >745 
Sarforha'"/^**' 974 
^dina pichardm, >477 
Saidine. MJ*' M37-'4|* 

SaTjaMUnt h»h- •®H* *^J7 
Saio. 534 
Saaubr. »®9 . 

Saiumia pan*"**. '973 

sj^roiilS” i!r»' '9*1 

S;’:I£;S-..9.. 

Salyrv* aiept, i9>9 

man/"”®' '9'J 
nrphrlf. I9>3 
SaUKC' >5** 

SaurcL IM* 

SatHi*. »*«* 

Saurian*. 13*7 
Sauremo/Hi obarut. «**S' 


Savfoh. 1416 H>7 
Sa"fl7. i 987-»0-<#. I99<>- 

tlni^i9S7-«9‘^ 
piRcoa tretoc*. i&8» 
S.i.^r.u pbotba. nil 
Scad. IM' - 
Scaluc. isiS-'ST'' 

.Vale. iSoS-iSo; 

Oiincae wax. i(W» 
COIIUI17. ilM* 
fiiMlei/. iSoO 
CImer'a. >#o7 , „ 

Mediimane*" hg. i“®7 
0}alcr-»l>*lb '®®7 
puip'e. iSu? 

San «9°7 
terrapin. 

Scale Imctii. >8o5->*®7 
Se* alia Ue jin««* 
Scallop. ITOS-'"®^ 
uiinioon. >705 

Rianl. >7u0 
Scaleptii- 9> 

Sol/uiled »quUreI. S“'- 
30* 

pat glider. 3“* 
uet. 3®* 

Scapsniu. Oi , , 

Scaphopiala. tfe*. >**94 
ScaTab. >SSi-i»5 
Searaliatldae. 1841 
StarabatM* taeir, >88* 
Sfafda/e»* l"<«. '"S® 
Scaiidae. >379 

Sranira. i8» , 

Scenw eMTu/em. 1381 
Vai. i5«., at 

Scalophagldae, 15G0 

Scaup. 919 


SttUpbran trmentatiut, 
touo-tuoi 

Scrloporui, I193- ‘*9* 

Schindleria praenialurui 

1601 , 

Sthiia^tlb* hyalina, 

Sehoinlltalet, 5* 
ScJtoolmaaier. >547 
ScUmidae. IS5> 
Sdnddie. iS'7 . 
ScisiOtbiU bird. lOtV 
1029 

Sciuor-uU. Ill* 
Sefunliur. 1G4 
Sduromorphv 15“ 
SduruJ. ass 

aberll. x6> 

earo/incnri*. *59 
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Sriiirui. *6i 

hudtonims, XJ7 
niS<r. »Cj 
vuiiatU. 955 
Sulopaciilir. loij 
Seotof-i tulapti, i;97 
ScottliiAC. 1H45. >693 
Scomber uembtui. 1569 
ScombcioinoTlilac 15HS 
Sosmbridae. 15W 
Swmbfoidti. 15^ ‘S97 
Sco[nii umfrrrCtiu, ajj 
StuipacniJae. 1603 
Scorpion, i>i6-ix*7. 
»730-*:Jt 
i;si 
holue, 1754 
uilnl wbipi l733'’*34 
Uil-lcu «mp. 173s. 

>714 

irue. t7S«*>73* 
water, iUa-iix) 
whip. t7S»'»754 , 

Scprpioa bih. >S>7> 
SrarploB Sr. tlM'iSss 
Se^ioQ nwxue. jii'SH 
Scorpionidi, 17s* 

Sacamer. gsi'SS* 
boreed. 95a 
Satwwocin. igSo 
Script* *fT»pt*, «6j 
Scrubbed. Australian, 
till 

Scud, 1797 
Sculpin. 1605 
Soip. northern, 1549 
Scui^cridac. 1809. l8>i 
Scutigelidae. 1748 
Srutuorrx, 8t-86 
Serphoroa. 1C61, iCC^l668 
Stjlolofrus lemortlit. 

Se^lhropi. 1030 
So anemooe. 1579. 1579. 
iCSi, 1668, i&da-i^o 
brtmm. 16G9 
giant. 157*' >573 
See elio AnetDone 
Sea arrow, i;!©-!?!! 

Sea baii, I5S4-1S5S- >537 
blai±. 1537 
white, 1554-1555 
Sea bear, 601-604 
Sea blubber. 1667 
Sea tanary. $94-396 
Sea caterpillar, 168 ■ 

Sea calhrh. i475->4T7 
Sea coolie, 1679-16S0. 


Dorthem. 614-695 
SteUer-*, 694-^3 
Sea cucumber, 16801681 


Sea eagle. SteUei'a. 970 
Sea etchant, notlhan. 

Gao 

.Sea Ian. tCGS 
Sea teathaa. >669 
Sea gull, loas-ioiti 
comtuoQ, lotS'ioiS 

See olio Cull 
Sea luj*. 4 »- 4 'J 
Sea 147 . iGdo 
Sea lion. 599 - 60 ® 

AuMialun. GuS 
Cablornla. Co 5 - 6 ud 
iloolet'*. GuS 
Japaneie. GuS 
northern. 607 
South AmeticaA. CoS 
Slcilcr't. G 07 
See oIm Seal 
Seapeteh. 1570 , 1576 - 
> 57 ® 

ihifter. i577-»57® 

Sea poictrpinc. 1675. >67®> 
1679-1680 

Sea laten. 1 C 101611 
Sea robin, oorainon. 1604 . 
1 G 09 

Sea topent. isofrtsn? 

Sea terpeot (wfuid). t 7 n 
Sea iluc, 1 C 95 . > 696 . it 97 
paptUaie. 1 G 96 . 1697 
yetlow, 1695-1696 
Sea aiukc. 1959 . i$ 59 - 
>569 

Sea wipe. 10 x 0 
Sea tpidci, 1793 
Sea-iquab. iGt 6 -i 6 t 8 
S^-wfuirt. 1409-1403 
Sea Mar. 1674-1678 
I AlaiLao. 1 C 76 
uiabunt. 1676 
See olio Slarfiab 
Sea (wallow. 1017-1018 
Sea uaicarn. 396-398 
Sea urthio. 1675 . > 679 - 
1880 

purple. t679 
Sea walnut. i67i-i6;l 
Scadragon. leaff. 1515 
$eab(»M. ist4-i5«6. 1517- 
1519 

dwarL >517. 1519 
wesiem AUanUc. I5t7* 


bcardol. 618 

dephanl. 619-611 
gray, 615-618 


Seal. liaiboT. 619 6»S 
harp. 614-615 
lioodnl. 615. 69t-6*J 
Impaid. Ooi, CjS-oi} 
monl. C9t 

nortliein fur, £lot-C04 
ribbon. Gil 
tinged. C13614 
Roll. Cl I . , ^ 

uddlc-bacled. Cn-oiS 
touthcin elephant. 6ro 

611 

touihctn fur. C03 
Miuaie flipper. Ct® 
true. Ooo, 619. Cat 
Weddcll'i. 611 
Set afro Set bon 
Seaweed aud. >673 
Seaweed Qea. '**7 

SeSejIri mennui. t6»5, , 
Sebtiiodct pinnigcT. 1<W» 
Secretary bird. 97S-97® 

Scinu eurorapiffuA >>5® 
moltetIU. 115® 

neitborteenM, ns® 

Seliilang, 774’775 
Sc/etieniar, 47> 

Setrvndea ignetiu, n85 
Setniciru, twig . 

Seneiifur ntportli*. I45* 
Snu. ewnmoo, i709-'7‘" 
Septs effieinstU, 17*9 
Serieufui, it 86 
ScTioi* dofieid. 1544 
Sciotlne. 114 
Setow. B5t-83» 

Serpent eagle. 95^ 9®7' 
96S 

Serpent lur. green. 1^ 
Serpent, water (hydra). 
1G61 

SeipenCd. I5»* . 

Serpenu- See Snatei 
S^boidea. 1989 

Serranidae. 1537 

Serrsislmus ptreys, 147* 
nairerert. 147a. 1471 
Srmromi*. 1841 
Serral. 570 
Urge (potted. 570 
(mall rpoued. 570 
SetopfiA;* rurictfla. US® 

Sewellel. t3t-»5S 
Shad. i4Sr. I4$6-I437 
American. 1436-1457 
Shag. 9>5-9>8 
Shama. 1137 
Shantung, 501 
Shapo. 

Shark. 1407-1414 
great white. 1409-M'® 
nunc. 140S, 1410 
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Shark, sand. 1408-1409 
soupha. >415 
ihsaher. 1410 
ti|er, t4ii-J4>j 

Shark luckn, iGig-iStl 
Sharp-biil. >113 
Shcanraier, 909-910 
Quuering, gio 
ShnihbLll. iot{ 

Sheep, 83S-839, 844-835 
Barbary. 853-834 
blue, 842, 832-833 
Dall'i, 850 
Cmclin'i, 834-833 
lurgle (deer), 715 
iJuledale. 83a 
maned, 833 
Maieo Polo's, 831-832 
Peruvian, 703-703 
red. 843. 854-835 
Shropshire. 845 
Souindown, 843 
Stone's, B30 
Hhlle, 850 

Sheep boiQy. I974‘>97S 
Sheep cow, B24. 835-838 
Sheep deer, jungle. 715 
Sheep pdOy. t974-'9*S 
■Sheep tick, 19B3 
Sheepsbead, isrg-isjo 
common lootK 
conch, 1700, 1701 

lamp, >874 
Shellac Inietif, 1803 
Shellfish, iCgi-i7>S 
■Shetland pony, 655 
Shiner, continon. 1459- 
i4Ca 

Slioebill, 933 
Shorthorn cattle, 7CC 
Shovcier, 94C, 94B 
Shrew, 70-BO 

African musk, 84-85 
American tltorc-uiled. 
82-83 

American water, 78-79 
armored, 85-86 
dietketed elephant, 76 
cinereous. 79 80 
common r^-lootbcd, 

80-81 

elephant, 75-70 
Etruscan, 85 
European, 80-Bi 
hero. 85-80 
house, 85 

least long-tailed, 78 
long-UltM, 77-78 
ma^cd. 79-60 

musk, 84-85 


Shrew. Old World water. 
8i-9» „ . 

Oriental ihort-taaed. 

84 

otter. 70 • a 

pigmy Jong-ialleiJ, 78 
pygmy short-tailed, 83 
r«-tooUicd. 77-78 
tree, J45'»45 
true, 76 

whUe-tooihed. 84 
Stt alto Mole 
Shrew mole, 86-87 
Amciicao. 87 
Japanese cared. 87 
Shrew mouse. flo-8t 
Shrike. iii 4-‘'‘8- '“S* 
1126, 1149, ii7S-‘*74 
ant. 1114-H16 
bush. 1174 , 

cuckoo, ii»j-n*8 
lobed cuckoo, IMu 

loegetiiead. 1174 
migiani. i>74 
norihein. 1I74 
pepper. 1149 
vaiiga-. 1174 
Shrimp, i;*8 . 

anniuoii mud. 1,20 
(offliuon sand. 1720 
Shtimp6»t». I5M- 'S*8 
Slaha tUTTUcaiatt. itS» 
tiaUt. 1138 
Siamang. 10?^^ _ 

Se* olio Gibbon 

Siamese 6gbtmj hsh. 

i4|l. «559- 'i®** 

Sibbaldut. 4'9 , 

tihine iiimuUa, 194* 
SicklcUTl. 1075- •••*- 
Could's. 1075 

Sidewmdrr. i»9i- ’S"*' 

1562 

Sitaka. 148 
S$gmadon, $1* 


Simenia, 432 
SimuUidae. 1963 
Simulium (neridionate, 

>965 

iienutium. 1903 
SiMnIhrOpus, 141 
Sinarapan. 1600-1601 
Singing fish. i635-l634 
Sing-sing, 799 
Siphonaptcra. 1745' *9*4 
Siren, 1194. *>9“ 

Siren. 1194. **9® 
mud. 1191 , . 

Sireniani, 621-618 
Siilrurui. 13/9" '384 
calenatut. 1384 
Sitatunea, 789'79^ 
Sitephil^ grenarM, 189a 


S>ka nippan. 7*‘ 

Siilwonn. i 927 -« 9 «*- 

■94 J' *914 

bibindandy. 1948 
Cbmee. I944 

SjTlan. I94J^ 
Silkv*onn nurth. 19*1 
*934- «94S''94« 
Stipho, 1854 
Silphidac. i8|i, |«S* 
SMlutian peiipJ. 
Sitterfisb. i75*"*<54 
SiJvttside. '5‘9'**”. 

anuDOts, 1510-15*1 
MHenip.46^7' 

Simba. 580-586 


Sitta >143 

carolineruU, 114* 
Irentalis, 1143 

pjgmaea, IMS 
Situdae, 114s 
SUte. M07' I4'4'‘4‘5 


AiBeticui »****• 

SVdmroe (dragonfly), 

Skink?V287'i2B8. t5*7' 
1319 

blue-tailed. is>9. 
brown. 1289, 1518 
ratiern, 1318 
Florida mnd. 131B 
western. 1S>8 
Skln-M-onn, 1B63-1BO4 
Skipjack (fish), 1588. 

SklpjVck (beetle). 18C6- 
■8C7 

Slipper, igo'. i9*S-'9*4 
Skua, loia 
Skunk. 5*4-5*9 


litOe striped. 529 
spotted, 528 
striped. 5*4 
Skunk-bear. 5'S-5‘* 
SkjUrk. 1 


itSS 


1123 


European. 1 
Missouri (pipit). ‘*33 
Old World. 1123 
Slider lutile. 1260-1264 
Shme-ecl. 1405. m 8» 

Slipper anluulcule. 1651- 

1G52 
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Slippery dUk. king, ijSci- 
1581 

Sl«ib. tij-siO 

giant ground. xi6 

tbree-ioed, *<4 
two-ioed, ai4-i>3 
Slug, 1C91. 1695-1^ 
gT«aj. 1^8 
land, 1696 

papUlateaea. 1896, 1897 
tea. 1693 

yellow tea. iGgs-iCgS 
See «lao Snail 
SmelU itsS* *45® 
.\inerisut. 14^ 
SmilAomir. lioj 
Snail. 169a, 1694. 1693- 

edible, 1G9S-1699 
finger thell tea. lyon 
green tea, 1700 
tea, 1700 

teoih-tbelled. >694 
See tdta Slug 
Snake, laSa. ijit- 
*39® 

Aoetian hog-ocaed. 
•SS8 

bU^-baoded. 1347 
bUck-beaded. 1348 
blind, 133s 
blow. 1545 

blunt-beaded tree. 1377 
bulk 1343, 1341-1343 
cat-eyed, iS47 
chicken, 1346 
cenmnoa garter, >344. 

i539->3t®,. 
commoD muk. 137S 
t tea. 1360 
a water, 1338, 


. 1337* 


1376 


eattem bog-ooted. 1340 
eastern wfup, 1344 
egg-eating, 13*3 
European gtass. 1337- 
„‘SS8 

rtorida pine, 1343 
Florida iwamp, isty 
flying. 1304 
glass (luaid), 

1186 

glossy, I3t8'>347 
gopher. «S4S 

grace, «ssr'3J* 
green rat. 1546 
bocA-nosed. 13x3. 1348 


Snake, indian bUndi. 13*5 
joint (Hard). >*86 
king. iS|4->S4i> *S4fi. 
»3?* 

1)1*. >347 

Mexican wc. 1347 
milk, t344->345 
tnud. >343 

pilot black. >3461. 1547 
pine, i34», »343 
pipe. >338 
rau >31^ 1347 
lear-langcd. >347->348> 

. 

nng. »3S7-‘SS* 
tea. 1*5*. »Sj9-*31-> 
ihield-tailed. I335-I336 
South .Acnencari pipe. 
1336 

tpade-iuMcd. >34% 
sunbeam. i3s6-t337 
tamaga. 1575 
tiger. 1556 

u-aier. 1357. 1338. >556 
western buD. >34t-i34S 
wettem bogocBe, 1341 
whip. i 343->344. >346 
wonn. 1333 
See also A^Uer. Bo*. 
Cobra. Pit riper. Rat- 
ilesiake. Viper, etc. 
Snake feeder. 1783 
Snakebird. 918-919 
Amerwan. 910 
Snake-eater bird. 1031- 
it^e 

Soakebead. 13601 1364- 
•363 

Snapper. 1326, 13*7, 1340. 

gray. i346-r547 
red. 1547 

Snipe, ioi4-toi5, 1010- 
pintaQ. 1014 
teed, losi 

Sre «ho Sandpiper 
Snipe&sh, 1314. (316 
Sooek. 13SS 
Snook. >5*7. i3*9->33® 
thin, i3*9'i53o 
Snow-cap. 1075 
Snow fly, 185^ «935, 1963 
Snowthw cabbit. 

Sockeye salmon, 144S- 
>44» 

Soldia. I'Bj 

Sole. idis. 1615. 1619 
common Eaitopan. 1619 
lemon. 1613 
Soiro taitM, 1619 


Sotndae. >613 
SolenodoD. 66-67, 8^ 
Cuhao, 67 
Haitian. 67 
Soloiodoatidae, 67 
Solenbsiomidae. 1516 
Solitaire. 1039, tis6 
Townsend. 1136 
Somoterie, 930 
Song-babbln. 1138 
Soot, 6S3 
Sooibiayer. 1761 
Sora. 1009 
Sore*, 77 
oroneus, 60 

minuXur, 7S 
paicutrii, 7S 
Soricidae. 77 
Soloiio, 407, 4it 
Soutlik. a8i 
Spadefisb. 1366-1367 
Spaladdae. 350 
Spandae. 1349 
Sptriioma raiianSt 1381 
Spanow, ii6r-i>6A 

English, ii64-liC6, 194S 
bouse, 1164-1166 

iODg. n6*'it63 . 

Sparrow hawk, 937*9S8, 9®* 
European. 96* 

3p«ai£sh, 13^ 

Spe»thos, 434 
Sperm whal^ 3S0. 38* 
Spomophile, *78-179 
SpeitrU, >906 
Spbreius tptciont, >999 
Spbeooidea. 1999 
SpboiiscUonnex, 897 
SpAenMcwr, 900 
Sphenodon ptutetatum, 

1*47. W48 
SpArz, zooo 
Spbingidse, <9x4 

^binx. 19x5-19x7 
tomato worm. 1913- 

wbite-luMd. 19x6-19x7 
Spftoenidet macvUluS, 

i6s6 * 

SphTToert^ ergentes. 1515 

bameuda, 15x4 

borre/tx, 13x3 
Spbyraraidae. 13x0 
Spider. 1735-1744 
black endow. I74t-174* 
crab. 1744 
funnel-w^ 17J9 
garden. I74X-I744 

Sw'*” 

bunting. 1740-1741 
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Spider, jumping, 1744 
orange. 1742-1744 
oib-web, >741-1744 

irap-door, I737-»7J8 
wol(, 1740-1741 
wiiLing. 1741-1744 
Spider crab, 1713 
Spider-hunter, gray 
breasted, 1148 
Spider mite. red. 1745 
Spider tnonke/, 1C8-171 

S/iiiorturur, 49 
ipilvgair, 528 
SpiUirmi, 968 
Spine-tail, 951 
Spinui Irirdr, ti6l 
Spiny anicaier, 15-17 
Spiny box Tish, 1613 
Spirorbu, 1691 
Spittle bug. 1800-1801 
Spltaitui btUitOiut, 9OO 
roTOnalui. gC8 
oraalur, 969 
Splashing samlet. 1455 
Sponge, isjo. 1658-1660 
elepliani-ear. 1659 
S/wngilie. 1657 
Spoonbill, 935-9S8 
Spreo. long-tailed, tt66- 
11^ 

Spreo reiltu, iiGS 
Spcingb^, 815-816 
Springhalt, S0S-S°4 
.Spiingtall, 1755 
Spuw lUng, iS53'>S5° 
Spyrapievt, 1095 
Squamata, 1181 
Srjuawruh, Colorado, 1458 
Squeteague, 1554 
gray, 1534 
tpotled, >554 
Squid, 1707, >7>0->7" 
co)nmoni i7>o-i7i> 
giant, I7>l 

tea arrovr. i7i»>7'i 
Squirrel. l5S-5<“ 
antelope, aSo 
Apache. 164 
Atiatic ground. 160 
barking, 157 
bush. 167 

Calitomla ground, ISO- 

canyon. 1O4 
Columbia ground. 180 
aimmoo Oriental. 166 
common pygmy. *64 

easlerif^y. t59-»6> 
Eieismanu't ground. 


Squinel. liie-belUed. 164 
Uime. *64 
(IjUig. *8i-aS4 
(ox. *63-164 
Fremont’* pme, *59 
giant. 165-166 
gUder. *84. y . 

goIden-maMled grouttd, 
180 

gray. W*®' ,, 
ground, 167-181 
ItumboUl't. 164 
Iranian lice. i57 
midget. 164-165 
mouse. <67 
oil palm. *66 
Oti«>tal giant. *65- 
tt>6 

palm. 165 
pine, 153*57 „ 

Prevost't tree, m** 

*67 

red. *57 *59 . 

tocJi fr****"!- 1*®’*®' 
Kaly-wiled- 
stti|^ ground. *79* 

tun. *67 

urtel-eatcd. **'’*®* 
tutied-eared, *6i-*6* 
variegated. *64 
tvettero gray. *®’. 

Sit aim njing phalan- 
ger. mb's *9r",*v 

SpeiTOophile. Suibk. 

Squiml fitli. '5«7- ‘5®*. 
S^uUrel •nonkey. >67-6® 
Stag. 7*® . 

hangol. 7*6 

manl. 7*® 

Stag beetle. >6^>879 
^ant. 1878-1*79 

common tun. 

Danton t tom i*?* 
feaiber. >680 
green «?«>»• »®*® 
Ki. >674 i®J» .. 
.uobortt tea. >57® 

Sit aim StarGih 
Sur coral, ler^'®!' 
Siarhih, 1674^^* 
comrnmi. >67® 
FOTbet't. 
nitlplb >678 
red tlender. 1678 

sewtec 167* 

Stt aba Star 


Stargatcr, electric, ijgg. 
>58*-158S 

Stargazer, European. 1583 
northern electric. 1581 
Starbng. 1167-1169 
Celebet, >169 
comtDon. 1167 
violet-batkcd, li63 
Slaufocalyfilits, lOCo 
Sieatoroiihidae. 10C5 

Steelhead. i4l$-*444 
steganopm rricolor, 1020 
Stegotauriii. 8C9 
Sicinbok. 817-818 
Steinbok (ibex). 841 
SJelgidoplery* ruppennil, 

Stenella, 40S 
SJenodelphb, 4‘* 
Stenolomus ihrysopi, 

>549 , 

SJrntar, 165* 
ptlymorphus, 105* 
Slrma paradUaea, 
let? 

Sjarnaeara, «87* 
S/amalherttf, i*7*« 

iiUhclus, >681 
SiKk, walking. «75*’*759* 
>763-1766 

StidlebtU. iStO’iSM 
(ounpine. 1510, 151*' 

thrwplhe, >5>Oi »5'i* 
>5>i 

Siili, loiS-iota . 

blatk-netked. io>6-ii)i9 
Sling ray. >4>7-i4>8 
SiingGth. 1604 
Slink Uy. 1776-1778 
SUnkbug, 

harlequin cabbage. 1811 
Stitoilcdion wiiadenra. 
1528 

vilrrum. >5*8 

SmckTish. >500. iS'»4-'505 
StoirAaelu. 157*, 
Slamolophus me/ragru, 

1G67 

Stemoxyi eaUiltens, >979 
Slone Age, 141-143 
Stone fiy. 

Stonceal. >47® , . 

Stonebth, 1604. lOoS-iSog 
Stork. 03> 933 . 

while-beaded. 933 

white. 95'-93* 

Storm petrel. 909-91$ 
Strand woK (hyena), 
556-557 , 

Slrandiui. 556-557 
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StrcbluUe. 

^treprra, 1175 
SUfpiUeroi tmbabit, 7S5 
ilrtpiuerot, 787 
Strepto^ocnt ionaTU, 

Suigiformcs, 10^5 
StTigopt. *047 
itnx maculoia, toj^ 
netulaut, 10^ 
ivria, lo>8 
Strotuieiille, liyj 
StrombuJ, 13SO 
{iju. 170Q 
ftugihi, ijoa 
Strongjlura tnarifia, 1494 
StrvthM esauSuj, 
StniUuonulie. 6S3 
Siut^eon. i4X4*i4i7 
AiUntte, I4i4*i4i5 
while, 

jtumWZe in<;n^ 1143 
nrgltcta, 1149 

SiumuUc >1^ 
ilurnui rotftu, 1189 
vu/svu. >16? 
SuaMpucu. 7)8 
SutifT, J4j3« >lS:-'0* 
redbone. 1457 
ihatfc. i6t9-i€it 
white. 14)6-11)7 
Suidie. (91 
SuiteTDo, 689 
5uij tuU, gto 
x-ttiegua, gaa 
5ululae, Q20 

Sulphur-boUoo, 380. 4i9* 

Sun biusv. 1004 
Sun jellf, 1667 
Sun uar. 1678 
cpaiirioQ. 1678 
Dawios’fc 1&7S 
Susfainl, 111). 114^1149 
loog-uiled, 1147 
maUthite, 1147 
Karitt-chsted. 1148 
Swnnu coeTUteui, 85 
SnTulljl 1613 
Suntiih, ijifi, 1517, 
>|5S-i5S^ «5J6. 
ocrao. 16^1630 
, ^ e"* 'S))- «5SS 
■Sum. «ig 

SuTfhird. 1013-1017. 10(8 
Surgeon tib. 1567. 136S 
Suxicolo. 548 
Soricue. 54^)19 
SonnuUx, 334-3)3, 1353 
Sul aiiUtux, C&s 
lah-cniut, 635 
jercja. £S« 


Siullk. «8l 
SaiU. 430 
Swallow. 
bank, tii) 
barn, myiia-t 
tliO. i>k4 
oomoton. 11)3-1114 
eaie. 1114 
rough-wingoL ***5 
tea, 1017-10*9 

Swallowtail, 1915-1918 
carrot. 191S 
Liuopcaa, 1918 
gunt. ■9i6-i9t7 
gl CCA-tlMdC^ 1918 
papaw. 1917-1918 
pantup. 1918 
pipe-tine; 1918 

ipicrbmh. igi8 

tige. 1916. 1913 
wotera. 1918 
rcbra. I9i7>i9i9 
SwaHow-iaoaget. usp- 
iiSo 

Swallow-wing, toga 
Swasp^tl. i49e 
Swan. 939-941 
Atutnlian blatk. 941 
mute. 939, 941 
uomnw. 939- 940-941 
•hlwliag. 939^0 
Swan-grebe, gi^ 

Swell&h. i6z»-i5t9 
Swi/c, 1065-1075 

cbunoer. 1057. 1068 
ooUaresl, 1068 
created, long 
tree. 1069 

whutcred tmv >069 
Swdllet. tare. 1067 

Swine. 660-69S 

Strocdifiib. broadbilb >58^ 
•S9J-*5M 

SwordiaiL 148^ 149s 
Sleakao. 149X 
Sycon^ iCfio 
tUialum. iC5o 
S7lp^ beai^T, 1075 
SrnlciipTO gnnmie. 798 
SyUitdae. 1139. 1141 
Sybnlagiu, X|4 
ijraprtrvni. 1788 
atmianatvwni 1788 
STmphelaRguf rjndartjlua. 
>» 

S7inph7ta. 1714 
STwi H aau. 1117 

Sjnasondac 1804 
Synaneeja twrrucoie. 160S 
Syiutpumys. 3>8 
Sjnbraod^ eel, 148a 


Sjnttns cefftr, 776 
nanus. 779 
.7) nd) otcrei, Si6j 
.STncnuignaihi. 1491 
S^Tignaihldae. 1514 
STngaelSui /uurul. 
1316 

S7nlomIdae. 1935, 
STTmelifui ttevtu, gSS 
STipbidae, 197* 


Tabanulae, 1964 
Tabanui, 1964 
atratits, 1966 
puntiifrr. i960 
Tachatdia, iS^< 1605 
Tachiniilae. 1976 
Tecb^g/otnil *5 
aevltaSui, X) 

Tadonde. 133 
Tadpole. See Fco^ Toad 
Tadpole bug, 17x7 
Taenia Mgi'noXe, >C66 
teliUB). >686 
Tagauu pecan, Cgi 

Talu^liMlajaa. 84f 

N) 

Tailoibitd. conmoa, 11)9 
Takla. 854-8)) 

Itnlileo. 8)5 
Talapoin, 187 
Talpa euTOpaaa. 90 
Taipidae. 87 
Taoaga. 1575 
Taaarwiua. xix-fi) 
Tamandita, xix 

tetradaetyla, xii 

Tamarao. 771 
Tamann. 171-174 

noned. 173-I74 

mmijr.hc. (74 
Tamariik — scal e . 
1S03-1S00 

Tamartx gallUa, xboj 
Tamios, X75 

Tamiasriuma hitdsoniau, 

Tanaga, 1138-1160 
bishop, 113S 
paraoue, 1159 
scarlet. 1138. M59 
South .InieiuaO. 1159 

w^em. 11^ 

Tasia^a chiUnsiS, * 139 
violacea, 1159 
Tang. i5«7 

Tanglewonii. i6S3 
Tanitila, 1348 
Tanysiptera, toSa 
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Tapeworm. lOSi. ><*85- 


Malay. CO7. 008, O7. 
niouKiain. GCg 
Suulh Aineilcan, CCS, 
COg 

Tapitidae, 6G7 _ 

Taptru) roulini, CG9 
tentitris, 668 
Tarantula, tyjS-iysg. 
1004 

American, 17J8-I7S9 
Tarantula hawk. 1733. 

1971, 2ooa*aoa4 
Tardipada, 1714 
Tarpan, C37 
Tarpon, MS3-MS4 
Tarpon alianlicur. 14SS 
Tanier, tsB-rSo 
ipecual, ir,8-iS9 
Tariildae, iCo 


Tatftpit, 5$ 
7«r»iu, ijB 


Tatuaau, lit 
Taurelrsjur, 79) 
dtrbiantu, 793 
orya, 7M 
Taulog, i579'>5~ 

Tautega onifw, 1579 

Taxidea, 510 
emericano, sto 
Tajorru picari, 69* 
lajacu, 6g> 

Ta^irnldae, C91 

Tayra, 314 

Teal. 9t7-91* . „ . 

American pcen-wmgoO, 

948 

blue-winged. 94® 
common, 947-9l8 
ereen-winged. 946 

Teddy bear (koala), 54- 
55 

Tegu. IJ17 
Tciidae. rji? 

Tilia polyplitmus. igjt 
Tcfconoma filicauda, U06 

Telemlomi, 1401 
T’eneCrio mohlor, 1875 

Tcntbrlonidae. rSt*' 

1874 

Tciircc. 67-7<> 


Tcnree. pjp»y. 
rice, C4 

ureaked. 6«-7* ,, 
Tennt rtaudatux. 68 
I'enrccldae. 69 . 

TenthtedliKwlea* 1987 . 

TtrebratMnt, 1674 
Teriar Uta, igti 
Taroite. »77S'‘7I5* '991 
Tel n. >oa4'io*S» '**7' 

toj& 

Arctic. I017-IM8 
ratr|. loaS 
Inca. ioi9 
lore, »o»8 , , 

rfiprip»>«'» pacotW. 

>■34 

Tenaptne, rajo 
Carolina, lasa. >833 
cafoii"* bauri. rags' 

‘*5® ft 

oniata, ia53. 1*58 
Terrapin. itso-taSt 
diamonil back, tasg- 
1*60 _ , 

Sta aUa Turtle 
Tertopiit Kale. 1806 
Teralnidae. ^ 
Tertla^ period. 879 
Tcxudinaia. raso. 'a®* 
Teatudinidae. its* 
Tcifudo elcpAaniopw. 

'*64 ,, 

Tetra. I4S5' *4"* 
neon. 1468 

Ttfaeettu ^uad’ieatna, 

*845 

Carolina. 1845 

vireialea, 1845 . 

Tcirinarce coWomKo, 

1415 

ocodcnralis. 1415 

Telreo araeattus, 997 
Telraodan inp’dat, 

1618 

Tetraodonrwae. iMi 

Telraepa Iclroop"*""- 
mas. i88g 

Tetlfpdae. 1767 ^ - 

TcItrgOTJidee. «76^ «789 
Texas fciogboro, 766 
Thalardas, 475 , , 

Tliofflwome btfassMum. 

15B0 

Tho/ajwpfci>ne. 1631 
Thaleisa, tguo 
Tbamin. 7** . .. 

r/.ainno>A«l“ daliatut. 

rrtS 

Thannophis nrtalu, 

13*4. *939 , 

Thoa^iosidae. 1758 


Theridion. «74« 
Tbick-kiiee. losfioi* 
great, tor* 
noisy, loifioa* 

Thinocoridac. tor* 
Thomomys, *87 
Thotacmiei, 1511 

Thorny devd. 1307 

Tliotoughbicd. 654. 655- 
636 

Thor. 459 
Bureta, 44> 

Thousand-legs. i74'>-‘747 
Thrasher, ii*3-m9 
bronn. tisS-ltag 
crUsal. ii>9 
Thraupidae. 1158 
ThroMpi'i ipiscopui, >158 

TtueaSri"' 15CO 

Threadwonn, 1681 

Threikiomis aelliiopiea, 

934 

Threskiomithidae, 934 

Thrlp. iSsi-'SS* 
pear. )83» 

Thruih, 1136-118* . 
ant. «i>4' 

hennlt, i»s* . 
northern water, tlB* 

olite-baikcd, 113* 

wood. 1136 . . 

See also iVaibler 
Thrjnomyldae, 873 
Thnnomjt, S7S 
r/iu»nut germo, i{9« 
Ifiynnur. 159' 
Thyiaelne. S9'40 
TAylarinu*. M 

tynecsphalus, 40 
Thyridopteryx ephemir- 

ae/ormir. 1946 
Thyriitts atun. 1588 
niysartoplsf*' 1831 
Tbysanura. >75*. >75S' 
1755- *75* 

Tie polonga. 1365 , 

Tichodrama murana. 

Tick. ?744-*746' 1983 
bat. 1983 
•heep. 1983 
Tiger. 57a- 587-59* 

Dali. >igs 
Bengal. 489. 59* 
marsupial. 39-40 
Siberian. 387. 59*„ 
Tiger beetle. 1813 1845 
green. 1814 
purple. 1844 

iix-spoited green. 1843 

Tiger 6ih. Coliaib. 1455 

Tiger genet. SS® 

Tiger moth. i9S5-'9$7 
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Tiger moth, Isabella. igjS 
Virginia, igjS-'OS® 
Tiger salamander, 119S- 
1200. 1203 

Tiger shark. 1412-1413 
Tiger snake, 1556 
Tiger neasel. 508 
Tigrif Jigrit. 587 
Tilapia macrocephala. 


1574 


Tilefish. 1539-iM® 
Timalildae. 11 38 

Timber-doodle, ioi5-ioi4 

Tuiamitormes, 894 
Tinamou. 895-896 
chestnut-headed. 896 
Tinamui major, 896 
Tinea pellionella, 1951 
Tineida. 1951 
Tineoia bisseiiielia, 1951 
Tlngidae. 1809. 1817 
Tlnteibird. jellox- 
breasted. 1093 
Tiputidae. 1935 
Ttc. bush-, 114* 

Tit, willow-, 1141 
Tit, wren. 1158 
Tiunoihere, 867 
TiidRua giganJew, i848 
Till. »6i, 167-168 
Titmouse, 1138. »i4i- 


iM*. 


eiaf, 114* 

Old World blue, 1141 
penduUne, 1142 
tufted, 114a 
5ce also Chickadee 
TilUebat. 1510-1514 
Toad. 1194. 1118-1238 
African clawed. 1237 
Amerion, iaio-1212 
Briiish. 1219-1220 
Carolma, 1123-1124 
Colorado River, 1216- 

1223 

desert. 1223 

giant homed (lizard). 


1*97 


Toad. See also Frog 
Toad bug. 1811 
Toadfish, 1631-1634 
Toboba chinga. 1575 
Toco. 1096-1099 
Todidae, io8« 

Todf. 1080. 1082-1083 
Todf motmot. 10S4 
Toe biter bug, 1813- 
1813 

rot)Peu<es. *** 
Tomato worm, 1992 
Tomato worm ^hins. 

■9*5*19*^ 

Tontood. 1500 
Tonguefish. 1613 
T00& shell, common. 


homed (Uiard), 1293, 

1295-1298 

Mexican burrowing. 


naiTOw-moulhed. 1 

1237 . , 

neoixopical. 1227- 


1694 


Topi. 8-- 
Topminnow. 1485-1486 

cgg-Iapog. 1485 

kiUie. 1485-1486 

live-bearing. 1485 
Toque. 179 
Torpedo, 1415-1416 
Atlantic. 1415-1416 
eleoric. 1415-1416 
Pacafic. I4i5'i4t6 
Torpedo nf. i4«$->4i6 
Tortoise. ImlaadieT’s. 
1268-1260 
Colotioehtiyi, 1264 
desert. 1*59. 1*67- 
1268 

Galipagos, 1x64-1*66 
giant. 1264-1260 
gopher. 1x69-1270 


1*5* , 


'M* 


Tree shrew. 143-145 
Borneo. 144 
bridled. 144 
pen-Uiled. >4i‘'45 
Tremarclos, 47* 
Tremacoda, 1684, 1685 
Trerntx, 1990, 1991 
cotumba, 1988 
Triassic period. 869 
Trialoma, 1S18 
Tr\boUum fon/uJ««i, 

1875 

/emigineum. 1075 
Triceraiops. 868 
Trichechidae. 6*3 
Trielieehus, 625 
Trichinae, 1683 
Truhiuridae. 1589 

Trichocephalus, 1683 

TrUhopnaga laperie‘‘*t 


1951 


Trithopiera, 1839 
Triehofurus, 50 
rrfeli>». 554 
Triiaena gigat. ^^ol 
latuunofa, 1707 

Trigger fish, common, 

1623-16*4 
Triglidae, 1604 
Triloblte, 871 . ... 

TVimeresunis^aowii’d** 


See aim Tuttle 
Toucan. 1090. 1007-1099 
Toaojloma Janale, 11*9 
nifum, 11x8 
ToxoCes jaculalrix, 1557 
Toxotidae. 1558 
Trabulina mannipera. 

1804. <805 
Tracbiiudae, 158a 
Trachinoidea. 1582 
Trachinotus rarohnus. 
'M* 

Trachinui wipoa. 15B1 
Traehurm trachurui. 


1376 
gramineui. 1375 
Tnmorphodon, 1347 
Tfionychidae, 1276 
Trionyx jerox, i*77 
Tripletail. i55o-i55t 
7>uunu. 1194 , 119®' 


1x08 


cTisterui. 1205. 1109 
hrft«i<etu. 1210 
vindercenJ, 1210 
vulgartr. 1210 

TtochiLdae. 1070 

Troehifur polytmm, io75 

Troetee divinalonuJ, 

... 

Ttoginae. 1882 

Troglodytes aeion, 1130 
troglodytes, 


Tracbvptendae. 15^ 
Tragelaphtu engaiii, 792 
sersplux. 790 
Tragopan. sai|T. 9B3 
Tragopm satjra, 985 
Tiagulidae. 708 
Traguluj tnonina. 710 
Tree hopper, 1798-1799 
tniBalo, 1798-1799 
Tree-runner. 1143 


Troglod>lidae, 1129 
Ttogon. 1076-1078 
coppery-tailed. 1078 
Massena. 1076-1077 
Trogon ambiguus, 1078 

Trogoniformes. 1076 
Trombicufa imlanr. >745 
Tropic bird. gi3, 9<}’ 


9*5 

red tailed. 024-9*5 
white-tailed. 915 
jellow-billed. 9*5 
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Trout. Hjj, 
brook. 1416-1447 
brown. 1444-1446 
cullbroat. 1444 
Kacntoopr, 1443 
Kern Rner. >443 

UVe. 1447 

rainbow, 144S'>444 
Shatia, 1443 

Ttmupel fish. 1514. 15*6 
Trumi>cicr. 1008-1003 
Trunkfish. i6»* 
Trypanosoma, 1650. 1651 
brucci, 198* 
ceprae, 198* 
gambifiue, 165a, >9a> 
Thodesifnse, 198* 

Trypanoaomt, 1650-1651 
Tr)p«lI0ae. 198* 

Tsalne. 776 
Tuaura. 1194. i>43- 
1147-1*49 

Tube-snout, isio-isu 
Tucaneu >098 
Tuck-ioo. iSJO-iS** 

Tuco tuco. 37*-S79 
Tui, 1145-1146 
Tuna, 1588. I59'*‘S9* 
blueOn, >59<'*S9* 
yellowfin, iS9' 

Tunicate, I40s-s4e) 
Tupaia, 143 
Tupaiitiae. 144 
Tupinainbi* lugropuntla- 

M. 1317 
Tuf, 94*-84J 
easiem, 84* 

Himalayan. 84i-843 
Pallas's. 84* 

western, 84a 
Turaco, 1047. l^S'^’iS 
Abyssinian, 1054 

blue. 1054 
violet. 1054 . 

Turaeui corytliaix, 1055 
Tuibcllaria. 1C84, 1685 
Turbo marmoralu), 1700 
Turbot. 1613 
Turdidae. 1136 . 

Turdus migralonus, 1135 
Turkey, 976-977- 9*®- 99*' 
994 . 

ocelUted. 993 
scrub, 980 
wild. 99'-99J 
Turkey bucard. 97* 
Turkey gnat, 1963 
Turkey vulture, 96*. 

Tumicldae. 1008 
Tumitone. 1015-1017 
ruddy, 1017 


Turstops, 40S 
lrunMtiu< 408 
Tuttle, 1950-1*81 
alligator snapping. 
1874-1*75 

box, las®. i* 53'**6“ 
{Dmmon box. 115*. 

i_* 

ommoo snapping. 

t97a-s>74 
FlotKla box. 1135- 
1158 

Florida xob-abelt. 1*77 
crceis, 1*77-1*79 
hawlsbill, ii7«-i*79 . 
loggcshead, 1*51. >*79 
marine, i»59- ‘•4*- 
1*4*- **-’>'• ‘*6*- 
»a77-i*79 
mud. 1*7*. 1*75- 
1*76 

musk. 1*7*. •*7S* 

1*78 

New World mud. 
ornate bo*. i»58- 
Pid^c pond. M7»* 

paci^ Ridley. 1*7* 
painted. i*7^i*7' 
Ridley. 1*78 
side-necked. 1*50. 

tt8o-it9t 
slider, izeo-itee 
snapping. s*}i. »*7*' 

toit*sUclled. 1*76-1*77 
spoiled. 1*7* 

Tcoosi^ 11601*64 
wood, itys 
Tdtow-bellied. 1*69- 

' 1*64 

See oho Tottooc 
Turtle dose. 1037 
Turtle nesh Oy. it$9 
Twowip* nymg '■•h, 1490 
Ty)<TOda. 689. 699 
See Alpaca, Camel. 
Diomedary. Cuanaco, 
Llama, VicuOa 
TylotriUm. ito8 
T-^mpantuAus cupido, 

Typ^ogobha eoli/omJ- 
rnso. *599 . , , 

T)pblomo>i* MtAAunf, 

1197 

Typblopidae. IJSS 

TypAfop* twiuxw. 
T7pA?c»r»*o" apeJaeiu, 
»93 


Tyrannidae, iiio. 1113 
TyraniiO'aur. 808 . 1*41 
Tyrennui Ijrannur, mo 
Tyrant Ojalcher, 1110- 


i;akari.i6a-iC3 
bald. 163 

black-headed. 163 
red, 163 
while, 163 
Uea, 17*0 
Udad. 853-954 
Uinutlierium. S67 
Uma ricilsla, 1*99 
Umbra //in/. 1454 
Umbrella bird. 1107. 1109 
Umbridae, 1433 
Unau. *14-115 
Uneio uneta, 579 
Unicorn, 897-39*' 769- 
8*8 

Unicorn fish. 1568 
Unkuildae. 170* 
l/porfr»Ai« JumeMtte. 
1119 

Vpupa tpopt, 1086 
Upupidae. loSS 

Uranoscopidie. 1583 
Urenescopua teebtr, 1583 
Una aalgt, 103* 
tomvia, ins* 

UrUl. 855 
Ureiyon, 44B 
cinereoargenta/ut. 448 
Urogalba dea, 1091 
Uromuiix, 1307 
Uromyt. 340 
Uropellidae. 1336 
Urtidae. 4C0 
Uriui arctoi, 474 
dttlli, 471 

^orrtbiUs, 468 
/esiotui. 474 
middendmOi. 47* 
tyriaau, 474 
Urua, 767-768 


Vampire marsupUI, 43. 
44 X 

rampyrum. 116 
fandeleun*. 339 
rane//us vantllue, 1017 
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VtntUd, 
antUipa. 
telifornUA, igog 
eatdul, i6{4 
io. i()u 
f-aibufn, 1909 
milberti, 1909 
Vans*. 1174 
blue, 1171 
luiofc-bill^ 1174 
'th/ibe; 1174 
Vanpdae, M74 
Varaa«la& ($15 
VaisDOWunu, SGg 
rarenui. ii&t 

iofliodoouit, laU, 

..‘*'5 

niloliou. 1717 
lC«4 

muliro, 1GS5 
Velvet ant vaip. 1994. 

»OQI-KlOt 

Venut Sower b a ila, tG6o 
tenua irwTcmana. 1706 

Verdin, 7eUo«r-iiead«. 
1141 

Vervjoa. i]63 
Vervet, 187 
Fap* eraSrv, too^ 
VspetilioaicUe. itt 
VeipidiA teci 
Vespoidea, moi 
fW^tild, toot 

msfuiiltom, soq6 
pmiuj/Knicw, looS 
i^uAjnois, »eo$ 
titlfgru, load 
retui^elai inepinaiur, 

ViceroT, >9>i 
Vicufi^ 707 

TiJiieo, I1&4 

Vint^;ar wona. ifiS4 
Vloe^aiooo. »7SS-»:M 
nW pep«v, 1044 
VioUccDus euptMU. 1159 
Viper, ijti. iS<So-iS7S 
AtiatiC borceo, 1363 
bamboo pit. >3;S'iST^ 
cocnmoa European, 

IS1« 

Duno'x pit. 1373 
CTelath. 1375 
Fea*!. 1363 
Gaboon, 13S1. 13^- 
1364, 1360 

tatahari bmied, 1363 
Dmtbem. 1363 
palm. 1373 
pit. 1360. 1365-1378 
rbinoceroi. 13^-1365 
RunellX 13^ 


Viper. Sahara horned. 1361- 
1365 

uw-icalol. isSe-isfis. 
iS<^ 

1365 

benu. tjaiS. 13^ 
nuteUi, 13^ 

Vipaidae. 1361 
VueOk 11461, ti4C-it49 
American. 114& 
r(d-e7ed. ii|i, *149 

Firm otuveeui, 1148 

VlreoQidae; (148 
Viicacha. 366-31^ 
tnoontaui. 367 
plaint. 366-3G7 
Vitoeitia. 366-367 

Frvrrrwule, 341 

Viietiidae. $36 
Makiaik. C^-C39 
Vole, 30J. 319-311. 

bank. 319 
uee. 3*9 
■watet. 3if3» 

See «I«o L^tairg. 

Uoute 
Fehos 
Voouira. 343 
TomuU. 3^ 

FonietU^ 165) 
umpt^uU. t6is 
Fuipei eAeme, 43a 
444 

neevorur, 430 
trior, 450 
tWpel. 444 

\uUuie. 953. 970975 
bearded. 971 

hint 974 
turier. 96a, 971 
See «ue Boizatd 


Wai^il, pay. l■3< 

U'aboo. 15S9 

AValLinr jikk. 173B-1759. 

17^1763 

M'allabf, 39 
banded. 39 
aad-taii^ 39 
rock. 59 
WaUein 1518 
Walru*. 40*. 599-611 
Faci^ 609 
WaaSetoo, 190-191 
Wapiti. American. 716- 
7*9 

tVar tnid. io5i-t03< 
Warbler, Ii99.|i4i. 1148, 


Warbler. AU\ka willow, 
1139 

barred. 1139 
gaiden. 1139 
KTaubopper. 1139 
green. iiS9'ii40. 1145 
ground. n56'ii37 
ntanb, >139 
tnclodioux 1 179 
New Wvld. ii 34'*>5S 
reed, IIS9 
•edge. 1139 

finatnl aaefrau, <(39 
wriod. 1139. 1141. njS 
Tellow, 1135-1136 
Wamotiih, 1533. 1534 
tV'arpiocfio, 361-363 
Warrigat 437 «* 

Waip. igSd, igrjif'tofn 
cow-Viller ant. toot 
heath potter, trot. 

loe^ 

mud dauba. too^ 
xooi 

papcr-maJuTis. Ke>t 
Fceur. toot, tcoj 
lelia ant. 1994. toei* 
toot 

Water bontmin. i8tS 
W'tta boStto. ;68>r7* 
Wats Oca. 1531. 1716 
7V«ter hog. 361-363 
Water ouuL 1130-113* 
Water pbeautnt, 1031 
Water rat, 303. 9i3-3>^ 
3*1-5**. 3*4- 
54* 345 

Ausuahao. S4X-5i3 

Florida. 314 
New Guinea, 34a 
5V’ater Kaiengtr. great. 

1849. 1851-1851 
5V'ater lerpcnl (hydra). 
iE6j 

tVaier make. 1537. 1558. 
>556 

Antmcan. 1337- >33® 
csminoa. 133S. 1376 
Water itrider. 1819-18*1. 

Water Uinuh. 1156-1157 
Louiaiacia. 1156 

Donbrnn, 1156 
Water tiger {b«ile). 
1849-1850 

Water turkey. 918-919 
aVatetbudt. 799-600 
ctwcuDoa. 799-Boo 
tV'aule-bird. 1179-1180 
tVallkd crow. iiSo 
Wan-wau. 197-199 
tv 21 Kale, Oiioeie. iBco 
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Waxbill. n6G-u67 

\Vax>»lng. 
nohcmian. 1171 
ctdar, 1171 

\S'ia£ruti, Iste! >517, 
I5M 

\Vrucl. 49S-5S5 
Alpine. 501 
bii<lle-Iace, 4^199 
Ia*». 501 
ItiM. so»5oi 
long laited. 4(>3-499 
New 7’oiW. 4!)9 
pjpor. lo»iO» 
ihoii-ialletl, 4W5W 
mow. 4W500 
tlrlt>ed, Aij 
tlier, 508 
»lme. 49S-496 


Weaiber full. H5>* M®7* 
MC8 

AVraier. tociable. uCO 
\Veaie(b!«l. iiSf'iiC? 
Webwom. 1957 
fall. I9S7 
aprlng. 1937 


Wceiil. 
apple bloiaorn. 1897 
corlee bean. 1890 
(oiion boll. 1S97 
tungui, iS‘fi 
pitiiti, 1898 
nut. 1897 
pale). 1841 
palinello, iSyS 
rice, 1898 
wowl-boriiig. iSgs- 

18.J6 

Wliate. sAl*! 

Halid's, sga 
baleen. 379. 381. 413- 

4<4 

beaked. 99 l* 39 * 
blue. 413. 4 i 9 - 4 *> 
Brjdc's. 4'7 
easing. 405 - 4°7 
romnion rmbacL. 413- 

416, 4 *» 

Can lei's, 39 ' 
jpK»e-bcak. 391-39* 
gray. 4i4'4>5 
Greenland (Bowliead), 

414. 43>, 4:3-4*f 
Ullei. S86-387, 4oi-4<i5. 

8'S . 

liule pike. 417 
pilot, 409-407 
pygmy spetra. 390 - 39 « 


Whale, right. 380. 409. 4*i« 


sperm. 380, 38*. 587- 
89 > 

looiheo. 379 
whalebon^ 379. 38a. 

4*t-4»l ^ 

sihlte, 3g4>S98 
Set cbo Dolphin. Poi- 

kk'ha^ biid. 910 
'ik'hale Uuik. 1411 
3Vheaicar. 1137 
Greenland. 1137 
Whip scorpion. t73*-t734 
uiteil. i7SS->7)f 
uil-Uss. 1733. >7S» 
\V‘hlppooi«rill. luCi. 1063 
Whipuil luricaila, 1479- 
1481 

Wbipoonn, 1683 

Whistler (bird). 1134-1135 
IVhltiler (tudeot). 131- 
*58- *7«-*7* 

While ant. i;7$->;78. 
t99( 

White sucker. 1438-1437 
Whitebait. 1319. isti 
Wliite-eye. Jipane»e. 1148 
WbiieGtb. 1433. *449-MSe 
take. >449-'48'> 

Whiiuig. 1300. •3e' 
VMiTdab. pradlse. tiCs 
Widow, black. •74i->74* 
kVild ass. Ml Mt 
See Ao 

Wild boar.CSi <>89 
crested. 684 
Eurasian, 081-884 
tuiopcSR. 68t-0«5 
Indian. OS3 
Wildcat. 599- 55'-5®7 
Wildebeest. 8«^8ii 
black. 809-810 
bine. 8io-8>i 

Wllloww. 114* 

AV'ilion snipe. »ot4 
Wiicworm. i867-«868, 
>873. >931 

{laobcsryr btaekbead. 

«95* 

false. 1875 
IVtaenl. 784-786 
Wolt *3- 414-438 

Andean. 451-438 
Anurcilc. 45* 
bioah. 455-437 
gray. 4»7*4»8- 485 
maned. 453*434 
initsupial. 38-40 
prairie. 435-437 
red. 433- 453-454 


kVolf, strand, 356-557 
Tasmanian, 413 
timber, 4(7-418. 433 

WoK spJer. 1740-1741 
Wolffish. 13841585 
Wolverine. 513-518 
American, 31S 
ML McKinW 51S 
southern, 318 
W'ombat. 57-58 
Wood hewer. 1114, 1117. 

iiiS-iiig 

W'cmd nympfi. common. 

W'ooJ*|>eHee, nil 
Wood swallow, 1171 
WoudcJiuck. t^-*7* 
Woodcock, iois->ei4 
3V'ixKlpeekef, 1090, 1093- 
1097 

acorn, 109s 
California. 1095 
downy, 1044. i°94 
hairy. 1094 
ivorf-billed. >096-1097 
Lewii, logs 
plleaied. >096-1097 
redheaded, 1093 
^Voolly bear, 1935 
Worm. >686-1691, 1713. 
.847 

army. 1938-1939 
blond. tC^ 
clam, 1690 
Oil iMi-iCSa 
green paddle, iCgo 
lillle sand. 1691 
lug, 1688-1689 
meaiuriiig. I9I4-I94S 
round, 168a 1684 
uiid. ■r.Kq, 1690 
tangle. iC»8 

IliousanJ-IrggeJ. 1746- 

1747 

tobacco, 1916 
tomato, ig(3->gi6 
tube, iCgi 
web, 1057 

wire, i8C7-iB63, 1875, 

Worm*liiard, H85, ts86 
blind, 1186 

Worm lalamander, >101 
SVrasse, 1570. 1578 
Wren, 1119-1130. 1139 

cactus. 1130 



